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PREFACE

This report presents the findings of a task force review of the U.S. Army Corps of Engineers Shoreline
Protection and Beach Erosion Control Program. The assessment of the program was in response to Fiscal
Year 1994 “Passback Language” from the Office of Management and Budget. The report responds to
concerns about the shoreline protection program, particularly concerning costs, benefits, environmental
effects and the related influences on shoreline development.

The study was performed in two phases. The initial phase was completed in January 1994 and published as
[WR Report 94-PS-1, Shoreline Protection and Beach Erosion Control Study, Phase I: Cost Comparison of
Shoreline Protection Projects of the U.S. Army Corps of Engineers. The purpose of the first phase report was
to provide early input to the Office of the Management and Budget regarding the scope and cost of Federal
Civil Works shore protection.

This second and final phase of the study incorporates: additional analysis of project costs and sand
emplacements; and overview of risk management in the coastal zone; a comparison of actual versus
anticipated benefits; a discussion on environmental considerations; and an analysis of any induced
development effects associated with the Federal shore protection and beach erosion control program. Also,
included is a summary of study findings and conclusions.

The basis of this report and the data compiled by the task force reflects conditions as of 1 July 1993.
Subsequent to completion of the final draft report in June 1995, certain of the data were updated to reflect
costs and status of projects and studies as of October 1995. This update is reflected in Chapter 4, Paragraph
I “Addendum.” As appropriate, the Executive Summary and Chapters 1 and 8 also reflect this update.
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EXECUTIVE SUMMARY

O —
A. INTRODUCTION

This report represents the integrated results of a two-phase study performed by the U.S. Army Corps
of Engineers (Corps) in response to a March 1993 request by the Office of Management and Budget
for the Army to analyze the effectiveness of the Federally sponsored shore protection program. The
first phase effort defined the scope of the Federal shore protection program, including a comparison
of actual and estimated quantities of sand used in the restoration and subsequent nourishment of
projects, a comparison of actual and estimated project costs, and a projection of future costs. This
Phase I effort was published in January 1994 as IWR Report 94-PS-1, Shoreline Protection and
Beach Erosion Control Study, Phase I: Cost Comparison of Shoreline Protection Projects of the U.S.
Army Corps of Engineers. The second phase effort focused on benefits of the shore protection
program, the associated environmental effects, and the question of whether or not shore protection
projects induce development in coastal areas. It also refined the analysis on project costs and
analyzed Federal programs that are involved in risk management in the coastal zone. The basis of
this report is a June 1993 survey of Corps divisions and districts and, except as noted, the data
presented herein is current as of 1 July 1993. There is no funding mechanism to maintain a national
data base of Federal shore protection projects.

B. FINDINGS AND CONCLUSIONS

The findings and conclusions are organized into the following six paragraphs; comparison of projects
costs, comparison of sand quantities, benefit analysis, analysis of induced development, level of
protection, and environmental effects.

1. Comparison of Project Costs

Finding: The Corps has constructed 82

specifically authorized shore protection Conclusion: From a cost performance
projects.  Of these 82 projects, 26 were standpoint, the shore protection program
authorized in the 1950s and 1960s and were has been - effectively Vmanaged,
deleted from detailed comparison because: considering the highly ~ variable
they were small in scope and cost; would have environment, with total program costs

been included in the Continuing Authorities being slightly less than estimated.
Program, had it been in effect at that time; or, S B

there was insufficient data available. The
analysis focused on the remaining 56 large
projects protecting a total shoreline distance of about 210 miles. The cumulative funds expended
between 1950 and 1993 on these 56 large shore protection projects have been $670.2 million, with
the Federal share of $403.2 million. These actual expenditures were adjusted to 1993 price levels.
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The procedure used for this adjustment involved the volumes of sand placed and the current cost in
each area for obtaining, transporting, and placing the sand at the respective project sites. Structural
costs were adjusted by means of the Engineering News Record Construction Cost Index. When
adjusted to 1993 price levels, these Federal and total costs are, respectively, $881.0 million and
$1,489.5 million. If all project costs were adjusted using only the Construction Cost Index, the total
cost in 1993 dollars would be $1,177.3 million. These expenditures are shown below, disaggregated
by type of protective measure.

Total Expenditures Adjusted to 1993 Prices, Shore Protection Program (1950-1993)

Type of Measure Federal Cost Federal Share Total Cost

($ million) (%) ($ million)
Initial Beach Restoration 426.0 58.3 730.4
Periodic Beach Nourishment 270.9 64.4 420.4
Structures 153.9 49.9 308.5
Emergency Measures 30.2 100.0 30.2
Total 881.0 59.1 1,489.5

Expected future expenditures associated with these 56 constructed projects are $505.3 million in
1993 dollars. These expenditures will be spread over approximately the next 50 years, until their
individual project authorizations expire. If it is assumed that all authorizations are extended until
the year 2050, the future Federal expenditure would be about $880 million in 1993 dollars, or about
$17 million per year, and the total expenditure would be about $1,500 million in 1993 dollars, or
about $30 million per year.

An update of these costs to 1995 dollars was performed by assuming a 3 percent inflation factor for
both 1994 and 1995. In this computation, the total cost becomes $1,580.2 million in 1995 dollars.
Next, assuming a $30 million yearly cost (in 1993 dollars), for both 1994 and 1995, the total program
cost, adjusted to 1995 dollars, becomes $1,642.9 million. This extension of total program costs to
1995 is summarized below.

Total Actual Expenditures for 56 Large Projects 1950-1995

Item 1950-1993 A94 (1] A 95 (1] Total 1995
$ million $ millio=n $ million $ million
56 large constructed projects 1,489.5 44.7 46.0 1,580.2
Future costs [2] 30.9 31.8 62.7
Total 1,489.5 75.6 77.8 1,642.9
Footnotes:

[1] Assumes a 3 percent inflation factor per year for 1994 and 1995.
[2] Assumes a $30 million per year cost in 1993 dollars.

T, ]

viii



EXECUTIVE SUMMARY

At the time of the 1993 survey there were 26 projects which were listed as under construction,
authorized/awaiting initiation of construction, or in the preconstruction engineering and design stage
Total expenditures over a 50-year period for these potential projects are estimated at $2,055.3 million
1993 dollars. Based on current cost sharing of 65 percent Federal, the Federal share of this expense
would be $1,259.2 million. The 1995 update of these categories showed a total of 31 projects with
a total cost of $3,316.1 million in 1995 dollars and a Federal cost of $2,195.5 million in 1995 dollars.
For this Federal cost, the actual projected cost sharing formula was used. The actual Federal share
varied from a low of 13 percent to a high of 100 percent. The actual average Federal share was 66
percent.

When comparing actual costs with the preconstruction estimates for the 56 constructed projects,
certain projects could not be included in the totals due to the unavailability of complete cost data or
because the constructed project differed significantly from that envisioned at the time of the
preconstruction estimate. Thus, while 49 of the 56 projects involve initial beach restoration, only
40 could be compared. The following table shows actual costs and estimated costs at the program
level.

Comparison of Actual to Estimated Costs at the Program Level -
by Type of Construction Measure

Type of Measure Number of Actual Cost Estimated Cost Percent Difference
Projects Included ($ million 1993) ($ million 1993) Between Actual and
In Totals Estimate

Initial Restoration 40 652.4 660.0 ()1
Periodic Beach 33 389.9 431.6 ()10
Nourishment
Structures 35 298.6 3114 (-4
Total 1,340.9 1,403.0 (-) 4

At the individual project level, there was considerably more variation between actual costs and
estimates, but the data revealed that nearly equal numbers of projects had underestimated costs as
had over estimated costs. Project cost performance was better for large projects (costs greater than
$50 million) than for small (under $10 million) and medium projects. Performance was also
generally better for more recent projects than for those designed and constructed 20 or more years
ago.

2. Comparison of Sand Quantities

Finding: Beach fill projects were also assessed in terms of the quantity of sand placed, a yardstick
independent of such factors as price levels and inflation. Of the 56 projects included in this study,
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49 involved initial beach restoration and 40 involved periodic nourishment. The total sand volume
placed for these projects was 189.7 million
cubic yards (110.6 million cubic yards for initial |
restoration and 79.1 million cubic yards for
periodic nourishment). As with the comparison
of costs, the analysis was restricted to those
projects having adequate detail on both the
estimated and the actual quantify of sand used
over time. The results of the analysis are shown
in the following table. While initial restoration
sand quantities were very close to the estimates,
periodic nourishment sand volumes exceed ===
estimates by 12 percent. For the program as a

whole, actual volumes of sand were 5 percent higher than estimated, even though total costs were
slightly lower.

Conclusion: From the standpoint of
estimated sand volume emplacement,
the shore protection program has
performed well within acceptable limits,
considering the highly variable and
dynamic nature of coastal shorelines,
with overall quantities being slightly more
than estimated.

Comparison of Actual to Estimated Volumes of Sang at The Program Level -
by Type of Construction Measure

Type of Measure Number of Projects Actual Volume of Estimated Volume Percent Difference
Included in Totals Sand of Sand Between Actual and
(million cu. vds.) {million cu. yds.) Estimated
| Initial Restoration 39 945 93.7 ()1
Periodic Beach 33 72.5 ‘ 64.7 (=) 12
| Nourishment
Total 167.0 158.4 (+) 5

At the individual project level, there was considerable variation in the percentage differences
between actual and estimated quantities of sand, and the data reflected that projects were almost
evenly split between overestimated and underestimated sand volumes. Small projects received, on
average, 8 percent less sand than estimated, medium projects received, on the average, 34 percent
more sand than estimated, and large projects required, on average 4 percent less than estimated.

-~

3. Benefit Analysis

Finding: Benefits of shore protection projects fall into three major categories; storm damage
reduction, recreation, and other. Projects designed and evaluated prior to 1964 contained significant
proportions of both storm damage reduction benefits and recreation benefits. From 1965 to 1979,
most projects were justified primarily on the basis of recreation benefits, while storm damage
benefits were not evaluated in detail. During the 1980s a reversal occurred as a consequence of




changes in Administration budgetary priorities
and in the new project formulation rules of the
Water Resources Development of 1986. The
result of these changes was to establish
hurricane and storm damage reduction as the
basis for Federal participation in shore

protection projects.  As a result, the typical
1990s shore protection project has 73 percent of
its benefits in the storm damage reduction
category and 26 percent in the recreation
category.
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Il Conclusion: The major ‘benefit of shore
protection projects is the reduction of storm
| damages, with  recreation  benefits

comprising a significant proportion of total
| benefits. Tracking actual benefits of shore

8| protecion projects is difficult. Historically,
il funding has not been provided to perform
Bl post-storm surveys of beach nourishment
8| arcas. Therefore, Corps districts have been
il unable to measure project performance of

completed projects.

In contrast to the actual cost of a project,
“actual benefits” cannot be directly measured,
and must be derived from economic models because of the stochastic nature of storms. Eleven
projects were selected which had such models available and, in most cases, had several years of
operating data. The storm damage reduction benefit comparison for these 11 projects is summarized
below.

Storm Damage Reduction (Sdr) Benefits Comparison For 11 Projects

Category Number Average Years Average Average Average Percent
of Projects Have Actual Predicted SDR | Difference Between
Projects Been in Place SDR Benefit Benefit (avg. Actual and Predicted
(avg. annual annual
$ million) $ million)
Actual SDR 6 12.2 9.2 5.6 +92
Benefits Higher
Actual SDR 5 20.8 22 4.4 - 54
Benefits Lower

Of the 11 projects evaluated, six had actual storm damage benefits higher than expected and five had
actual storm damage benefits lower than expected. Projects which had storm damage benefits higher
than expected tended to have experienced several severe storms. Some projects have simply not
been subject to severe storms and, hence, have not been able to demonstrate their damage prevention
capabilities.

4. Analysis of Induced Development

Finding: Economic theory suggests that shore protection projects have the potential to generate
different types of induced development including: additional development that increases total beach
development; relocated development that shifts to the shore from more protected inland locations;




EXECUTIVE SUMMARY

and relocated development that moves from :
unprotected beachfront areas to the newly protected Conclusion: Corps projects have been found
area. If induced development relocated from | to  have 1o measurable effect on
unprotected beachfront areas is significant, then §j| development, and it appears that Corps
development is likely moving from areas where || activity has little effect on the relocation
expected demage is high to those where it is il and/or construction decisions of developers, |
low. This type of relocated development results jﬂ; homeowners, or housing investors.

in a “bonus™ of extra reduction in expected |
damage beyond that which would be calculated
based on the initial level of development in the protected area. It also serves to justify even more
beach protection and a higher “level of protection.”

The theory was tested and empirical research carried out in conjunction with this study on induced
development in coastline areas including a survey of residents and two econometric studies of
beachfront development. The following findings can be drawn from this work.

a. There is limited public awareness; of the Federal shore protection program, where Federal

projects currently exist, and that the Corps has been involved in reducing risks through project
construciion.

b. The presence of a Corps project has little effect on new housing production. The
cconometric resulis presented imply that general economic growth of inland communities is
suificient by itself to drive residential development of beachfront areas at a rapid pace. The
statistical evidence indicates that the effect of the Corps on induced development is. at most,
insignificant, compared to the general forces of economic growth which are stimulating development

in these areas, many of which are induced through other municipal infrastructure developments such
as roads, wastewater treatment facilities, etc.

¢. The results presented for beachfront housing price appreciation are consistent with the
findings from the more general econometric model of real estate development in beachfront
communities. The increasing demand for beachfront development can be directed related to the
economic growth occurring in inland areas. There is no observable significant effect on the
differential between price appreciation in inland and beachfront areas due to Corps activity. The
housing price study could not demonstrate that Corps shore protection projects influence
development. Corps activity typically follows significant development.

3. Level of Protection

Finding: The term “level of protection” is generally accepted by the public because of its
longstanding usage by the Corps and other water resources agencies for inland flood damage
reduction projects and because it is a simple way of describing the magnitude of a storm or flood
cvent (wind. waves, storm surge height. etc.). Hence. a specific numerical measure of level of




protection for shore protection
is difficult to estimate since the
return periods (recurrence intervals)
are assigned to each measurable
characteristic of a storm
including maximum winds,
radius of maximum winds,
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Il Conclusion: The Corps currently uses a number of [
fl approaches for developing design storm events. The seleced |
1| approach is based on project scope, availablility of data, and |
fl lovel of resources. Therefore, the term "level of protection”
| is not appropriate for a shore protecion project; instead, a set
Il of design storm events is used to evaluate the cost

| effectiveness of design alternatives. Projects are designed i

pressure deficits, track of the [ ; _
§| to perform under a continuum of different conditions.

storm and duration.

6. Environmental Effects

Finding; Beaches lost to natural erosion, as well as beaches that are protected through a variety of
structural measures (both hard and soft), have
associated environmental changes. Most
fishes and other motile nearshore animals
have the ability to migrate from a disturbed
environment. Marine bottom communities on
most high-energy beaches recover rapidly
when disturbed, although recovery rates may
be slower for more sensitive and slower reproducing taxa, for animals covered by increased sediment
depth, for greater changes in particle size, and for nourishment projects in colder climates. Selected
marine organisms such as oysters, clams, sea grasses, mangroves, and corals are particularly sensitive
to excessive turbidity, sedimentation, and direct physical alteration. Sea turtles can be affected by
burial of their nests and by compaction of sand on their nesting beaches.

Qonéluvsiaon: ~ Beach restoration and periodic
nourishment is the most environmentally
desirable shore protection alternative.

These environmental and biological changes caused by shoreline protection activity can be mitigated
by selection of certain management practices. A suction dredge without a cutter head has less
potential for inducing physical damage and turbidity. Borrow material is selected to match the
existing beach, and is place in the intertidal area during fall and winter to avoid sea turtle nesting
disruptions. When finer material must be used, it is overfilled with a layer of medium-coarse sand.
Compacted sand is softened by tilling the beach. Blowing sand is stabilized by using dune plantings.
All Corps studies and projects go through extensive coordination with Federal. state, and local
agencies to assure that all environmental concerns are addressed. The impacts of construction
activities associated with hard shore protection structures are similar to the impacts of other land-
based construction activities. The primary long-term impacts of hard structural projects are
associated with their effect on shore processes.
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CHAPTER 1 - INTRODUCTION

A. AUTHORITY

This report has been prepared in response to the Fiscal Year 1994 budget "Passback Language" from
the Office of Management and Budget. In the passback, the Office of Management and Budget
requested that the Army initiate a shoreline protection and beach erosion study. Specifically, it was
requested that:

"Army should conduct an analysis of the economic and environmental effectiveness of
storm damage protection projects. The study should seek to compare and contrast the
estimates of project benefits, costs, and environmental effects with current and projected
conditions. The study should include a comparison of the anticipated and actual level of
protection as well as an analysis of any induced development effects. The Office of
Management and Budget should be consulted throughout the study process."

B. PLAN OF STUDY

This investigation applies to all Congressionally authorized or Federally sponsored studies and
projects for shoreline storm damage protection and beach erosion control within the related program
administered by the U.S. Army Corps of Engineers (Corps). Included are all beach nourishment
projects (with and without groins) and sand bypassing operations as well as any other hard structures
(seawalls, breakwaters, groins, etc.) that were designed for shore protection and/or storm damage
reduction. The study was completed in two phases. The Phase I effort concentrated on gathering
information related to project costs; i.e., the past and future Federal and non-Federal funding
commitments for the shore protection program. The first phase also examined the locations and
types of shore protection projects being constructed and studied the miles of shoreline being
protected by those projects. Data for this effort was collected through a comprehensive
questionnaire (Appendix A) completed by the 22 Corps division and district offices having shore
protection responsibilities. The information on Corps projects and studies listed in this report is
based on the results of this questionnaire. Subsequent to completion of the final draft report in June
1995, certain limited data were updated to reflect October 1995 conditions. Accordingly, except as
noted, all data in the report is current as of 1 July 1993. The first phase effort was published in a
January 1994 report entitled Shoreline Protection and Beach Erosion Control Study. Phase I: Cost
Comparison of Shoreline Protection Projects of the U.S. Army Corps of Engineers. The second

stage effort concentrated on an analysis of risk management in the coastal zone; additional analysis
of costs; a comparison of anticipated and actual benefits of the projects; an analysis of any induced
development effects; environmental aspects of shore protection projects; and findings, conclusions
and recommendations. This final report integrates information contained in the Phase I Report as
well as all of the information developed in Phase II.
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C. TASKFORCE

I Shoreline Protection and Beach Erosion Control Task Force. A 15 member task force
comprised of experts in shore protection from the U.S. Army Corps of Engineers Headquarters
(HQUSACE), the North Atlantic and South Atlantic Division and District offices, the Waterways
Experiment Station, and the Water Resources Support Center, (Appendix B) was established to
assist in this study effort. The task force was chaired by the Policy Development Branch of the
Policy Review and Analysis Division of the Directorate of Civil Works, HQUSACE. The task force
was formed to assist in the development of the detailed questionnaire, collection of cost data,
refinement of benefit assessment and induced development methodologies, selection of projects for
detailed review, provision of data and analyses of the effectiveness of storm damage protection
orojects, analysis of induced development effects of projects, and to meet on an as-needed basis to
coordinate and review the effort. The task force met on three occasions in 1993 (2-3 June, 9-11
August. and 4-5 November) and also on three occasions in 1994 (9-10 February, 11-12 May and 12-
13 October). All of the meetings were held at the Water Resource Support Center, Alexandria,
Virginia except for the February 1994 meeting which was held in Jacksonville, Florida.

2. Subcommittee on Induced Development. A subcommittee of Corps personnel was formed to

assist the main task force in the area of induced development. This subcommittee (Appendix B) met
on two occasions; in Jacksonville, Florida on 6 January 1994 and at the Water Resources Support
Center. Alexandria, Virginia on 17 March 1994, The subcommittee on induced development also
reviewed the efforts of contractors hired to assist in the effort.

Briefings of the Acting Assistant Secretary of the Army for Civil Works (ASA(CW)) and the Office
of Management and Budget (OMB) occurred periodically over the course of the study. In 1993,
there were three briefings of the Acting ASA(CW). These were on the first phase effort and
occurred on 7 May, 21 September, and 10 November. There were also two briefings in 1993 of
OMB on the Phase I Report. These occurred on 1 June and on 23 December. Upon completion of
the final report. the Acting ASA(CW) was briefed on 1 August 1995 and OMB on 30 August 1995.

. REPORT SUMMARY
A brief summary of this report is contained in the following paragraphs.

Chapter 2 describes how the shore protection program of the Corps has evolved over the years in
direct response to devastating coastal storms and subsequent Federal legislation. The chapter also
shows that the Federal shore protection program is minor with respect to the nation's critically
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eroding shoreline. The different types of project purposes and project features of the shore
protection program are described. Because of the minor cost and benefit impacts within the overall
Federal shore protection program, coverage of the projects within the Continuing Authorities
Program and the Small Scope Specifically Authorized Projects, is confined to Chapter 2. Finally,
the operation, maintenance, and monitoring aspects of shore protection projects are covered in this
chapter.

Chapter 3 presents the demographics of the coastal zone and a general overview of all the major
Federal programs involved in risk management in the coastal zone. Included in this chapter are; a
detailed overview of the planning and economic evaluation principles and practices that guide the
Corps planning studies for shore protection projects, discussions of the term "level of protection”
and how this term in shore protection projects differs from the same term in inland flood control
projects, the engineering aspects of beach fill and nourishment, and the impacts on shoreline projects
of climate change and sea level rise.

Chapter 4 gets to the heart of the Corps shore protection program through a detailed analysis of
project costs and quantities of sand used in beach nourishment projects. Project costs are first
provided "as built" and then updated to 1993 price levels. A discussion of the unique "current cost
of sand" method of updating the cost of beach nourishment and restoration is described.
Comparisons are made between estimated costs and actual costs by project and by type of
construction measure, i.e.; initial restoration, periodic, and structures. A statistical analysis at the
program level and by project size is also presented in this chapter. Realizing that many factors are
present in trying to update costs, a comparison of actual versus estimated sand placement was also
made and is presented in this chapter. Comparisons similar to those made for costs are made for
quantities of sand. And finally, the future cost of the Federal shore protection program is discussed
in terms of presently completed projects as well as those that are authorized awaiting construction
and those in the preconstruction engineering and design stage. An addendum has been added to
Chapter 4 to incorporate the data collected in October 1995.

Chapter 5 presents the types of benefits attributed to shore protection projects and the benefit
estimation procedure. Expected average annual benefits of each of the projects are given. Because
Corps shore protection projects are not, in general, examined in detail for after storm benefits (as
are inland flood control projects) very little is know about "actual" benefits. What "actual" benefits
are shown, are developed through modeling efforts. The "actual" benefits of 11 shore protection
projects are discussed in some detail.

Chapter 6 addresses the economic relation between Federally sponsored shore protection projects
and development patterns in coastal areas. The chapter is based on a research study undertaken to
ascertain whether or not Federally sponsored shore protection projects increase the rate and extent
of development in protected areas, i.e., induce development. Sections are provided on economic
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theory, a survey of beachfront community residents, an econometric model of beachfront
development, and an econometric analysis of beachfront housing prices.

Chapter 7 provides a discussion of the environmental considerations for shore protection projects.
This chapter outlines the major legislation that supports Federal interest in environmental
considerations in shore protection projects, and the environmental considerations for both protective
beaches and dunes as well as hard structures and for nonstructural alternatives. The environmental
considerations for specific projects are given for several case studies.

Chapter 8 presents study findings and conclusions.




CHAPTER 2 - DESCRIPTION OF THE U.S. ARMY CORPS OF
ENGINEERS SHORE PROTECTION PROGRAM

A. FEDERAL INTEREST IN SHORE PROTECTION

1. The Coastal Zone. The shore is a dynamic environment which naturally erodes and accretes
over time. The processes that shape the shoreline are extremely complex and diverse and are
influenced by waves, currents, wind, and sea level change. As described in Box 2-1, a naturally
shaped sand beach is composed of four areas; a nearshore, a foreshore, a backshore, and dunes.
(Also see Figure 7-1).

Box 2-1

THE COASTAL ZONE

‘ Area 7 Description ,

Nearshore | The nearshore extends from the depth of closure beyond which
there is no measured sand movement landward to the ordinary

low-water elevation. Littoral currents driven by wind, waves, and
tides shape this portion of the natural beach profile.

Foreshore | The foreshore is defined as that part of the beach between the
ordinary low-water mark and the upper limit of wave wash at high
tide. This area of the beach is ordinarily traversed by the uprush
and backrush of waves as the tides rise and fall.

Backshore | The backshore is the part of the shore acted upon by waves only
during severe storms, especially when combined with exceptionally
high water or storm surge. The backshore is composed of berms.
A berm is a nearly horizontal part of the beach formed by the
deposit of material by wave action. Some beaches have no berms,
others have one or several.

Dune In many cases a dune is formed behind the berm. A duneis a
mound of wind-blown sand, generally in long ridges paralleling the
shore and usually above the level of moderate storm waves.
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Because of the natural attraction of the seashore, in many areas development has destroyed the
natural setting by building too close to the shoreline. In other arcas, development that may have
been constructed a prudent distance from the shoreline is now threatened by continuing erosion and
shoreline recession. During storms, this envelopment is subject to damages that can result in loss
oflife. People have historically migrated to the shore in increasing numbers, thereby increasing the
demand for building protective structures and/or trying to replenish the eroded beaches. This
chapter of the report provides a background of the shoreline and beach erosion control program of
the U.S. Army Corps of Engineers {Corps).

2. Earlv History.

a. Interest in shore protection began in New Jersey in the latter part of the 19th century and in
the early decades of the 20th century. This stemmed primarily from two factors. The first was that
the New Jersey shoreline, being within easy reach of the burgeoning populations of New York City
and Philadelphia, was the first to experience intense barrier island development. The second factor
was that, during the period of 1915 to 1921, there was intense storm and hurricane activity. During
this period, three hurricanes and four tropical storms passed within several hundred nautical miles
of the coasts of New Jersey and New York. Although these were not land falling storms[1]',
considerable beach erosion occurred as a result. Millions of dollars were spent in New Jersey on
uncoordinated and often totally inappropriate erosion control structures which often produced results
that were minimally effective and in some cases, counterproductive. It was soon realized that the
efforts of individual property owners were incapable of coping with the problem of coastal erosion
and that a broader-based approach was necessary[2].

b. In addition to the storms affecting the New Jersey shoreline, 14 hurricanes made landfall in
the United States from 1911 to 1920. The period from 1915 to 1919 was particularly severe, with
four category 3 hurricanes and three category 4 hurricanes (see Table 2-1 for a partial
"Saffir/Simpson” hurricane scale). The states of Mississippi, Alabama, Texas, Louisiana and Florida
were particularly hard hit. The 1919 hurricane was particularly severe, with a barometric pressure
of 27.37 inches, which, until 1935, was the most severe storm of record. The 1919 hurricane caused
between 600-900 deaths in the United States[3]. Today, this storm still ranks as the third most
severe storm of record behind the 1935 "Labor Day" hurricane and Hurricane Andrew in 1992.
Hurricane Andrew is listed as "severe” in terms of dollars and loss of life inland; however, there was

little damage in the coastal region.

' Numbers in brackets "[ ]" refer to reference numbers. References for Chapter 2 are at
the end of the Chapter.
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c¢. In response to the increasing problems of coastal erosion, the New Jersey legislature, in
1922, appropriated money to form an engineering advisory board to study the changes taking place
along the state's coastline. At about the same time, a Committee on Shoreline Studies was formed
under the Division of Geology and Geography of the National Research Council in Washington,
D.C. An outcome of the groups' activities in shore erosion matters was the formation of the
American Shore and Beach Preservation Association (ASBPA). An early objective of this
association was to persuade the states to accept responsibility for their beaches. However, in 1926,
within a year of'its formation, the association was lobbying to have the Federal government assume
the function of unifying and coordinating the efforts of states with regard to shoreline erosion
problems.

Table 2-1 The SAFFIR/SIMPSON Hurricane Scale

Secale No. 1 - Winds of 74 to 95 miles per hour. Storm surge of 4 to 5 feet above normal. Low-lying coastal roads
inundated. minor pier damage, some small craft exposed, anchorage torn from moorings.

Scale No. 2 - Winds of 96 to 110 miles per hour. Storm surge 6 to 8 feet above normal. Coastal roads and low-lying
escape routes inland cut by rising water 2 to 4 hours prior to arrival of hurricane center. Considerable damage to piers.
Marinas flooded. Evacuation of some shoreline and low-lying inland areas required.

Scale No. 3 - Winds of 111 to 130 miles per hour. Storm surge 9 to 12 feet above normal. Serious flooding at coast and
many smaller structures near coast destroyed. Larger structures near coast damaged by battering waves and floating
debris. Low-lying escape routes inland cut by rising water 3 to 5 hours before hurricane center arrives. Major erosion
of beaches. Massive evacuation of all residences within 500 yards of shore possibly required, and of single-story
residences on fow ground within 2 miles of shore.

Scale No. 4 - Winds of 131 to 155 miles per hour. Storm surge 13 to 18 feet above normal. Flat terrain 10 feet or less
above sea level flooded inland as far as 6 miles. Major damage to lower floors of structures near shore due to flooding
and battering by waves and floating debris. Low-lying escape routes inland cut by rising water 3 to 5 hours before
hurricane center arrives. Major erosion of beaches. Massive evacuation of all residences within 500 yards of shore
possibly required and of single-story residences on low ground within 2 miles of shore.

Secale No. 5 - Winds greater than 135 miles per hour. Storm surge greater than 18 feet above normal. Major damage
to lower floors of all structures less than 15 feet above sea level within 500 yards of shore. Low-lying escaped routes
inland cut by rising water 3 to 5 hours before hurricane center arrives. Massive evacuation of residential areas on low
ground within 5 to 10 miles of shore possibly required.

d. The period between 1921 and 1930 saw continued intense hurricane activity, with 13 land
falling storms, including two category 3 hurricanes and two category 4 hurricanes. Nine of the 13
storms in this period affected Florida. Both category 4 storms, the September 1926 and September
1928 hurricanes caused widespread damage and deaths in Florida. The 1928 hurricane caused 1,836
deaths, ranking it as the second most deadly storm in the United States. It is the fourth most intense




Shoreline Protection and Description of U.S. Army Corps
Beqch Erosion Control Study of Engineers Shore Profection Program
oy ERRERSa S R T oo R O ) TR TR T

storm on record, with a barometric pressure of 27.43 inches[1]. As a result of the severe hurricane
activity and resulting death and destruction, as well as to the lobbying efforts of the ASBPA,
Congress enacted PL 71-520 in 1930. This 1930 law authorized the Corps to study (but not
construct) shore protection measures in cooperation with state governments. The cost sharing was
established at the discretion of the Corps (not legislated). Congress also established the Beach
Erosion Board, consisting of four officers of the Corps and three civilian engineers to provide
technical assistance. This was the first Federal involvement in shoreline protection activities. Cost
sharing in studies was subsequently changed to 1/3 Federal and 2/3 non-Federal by a 1946
amendment. The same cost sharing formula was authorized for construction (but not maintenance)
in 1956 amendments,

e. The 1930 law, as amended, established the overall program in which the Congress authorized
Federal participation to prevent or control shore erosion caused by wind and tide-generated waves
and currents along the Nation's coasts and shores, and to prevent damage to property and loss of life
from hurricanes and storm flooding. Participation includes research and development, planning,
design, construction management and Federal cost sharing. Throughout the evolution of this Federal
program, the responsibility for executing the program has been vested in the Secretary of the Army
acting through the Chief of Engineers.

. During the 1930s, ten major hurricanes struck the coastal states: four along the Texas,
Louisiana, Florida coasts; three just in Florida; two along the mid-Atlantic seaboard: and one in the
New York-New England area. Two of these storms rank among the most severe in terms of loss of
life in the Nation's history. The "Labor Day" storm which hit southern Floridza in 1935 caused 408
deaths. The September 1938 storm caused 600 deaths in the Long Island, New York and southern
New England area[3]. The Federal involvement in shore protection throughout the 1930s was
essentially limited to cooperative analyses, planning studies and technical advisory services. These
planning efforts were cost-shared between Federal and non-Federal interests. With the onset of the
Second World War, the involvement of the Corps of Engineers in shore protection studies virtually
ended as its resources were fully committed to the war effort.

3. Evolution of U.S. Armv Corps of Eneineers Proeram.

a. Following World War 11, the shoreline protection program of the Corps was expanded and
consolidated through a series of 20 legislative acts. This legislative activity was in direct response
to the damage and loss of life experienced along the Atlantic and Gulf coasts during the latter half
of the twentieth century. A chronological listing and summary of these acts are presented in
Appendix C. The citations are limited to generic legislation and do not contain listings of the
individual study and project authorizations.
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b. The period of 1940 to 1945 saw another five major hurricanes (one in the Gulf of Mexico
and four along the Atlantic coast). These five storms caused another 122 deaths in Texas, Florida,
Georgia and in North and South Carolina[3]. In response to these disasters, Congress enacted PL
79-727 in 1946. This law expanded the use of Federal funds to include one third of construction
costs for projects along publicly owned shores. This was a limited authority in comparison to the
navigation and flood control programs, and only a few of the authorized projects were actually built.

c. After five category 3 and 4 hurricanes in 1954 and 1955 caused the loss of 200 lives and
tlood and wave damage totaling more than $1 billion in the New England and mid-Atlantic area [1],
Congress enacted PL 84-71. This 1955 law directed concerned Federal agencies to develop shore
protection measures. This legislation led to funding for the Department of Commerce to improve
hurricane forecasting and warning services, and to authorizations for construction by the Corps of
projects for hurricane protection. The 1955 legislation was to have a far reaching effect upon beach
erosion control. The Corps was directed to investigate Atlantic and Gulf shores of the United States
to determine measures which could be undertaken to reduce damages from hurricanes.

d. In 1956, Congress expanded the authority for shore protection to include privately owned
shores where substantial public benefits would result. The law (PL 84-826), also defined periodic
nourishment as "construction" for the protection of shores, when it is the most suitable and
economical remedial measure. The nourishment period recommended by the Chief of Engineers
under the 1956 Act was usually 10 years, unless previous nourishment experience at the site
indicated that a longer period would be suitable and economical.

e. For the six year period of 1956 through 1961, four more major hurricanes struck the Atlantic
and Gulf coasts. One of these (Hurricane" Donna" in 1960) impacted all east coast states from
Florida to Maine. This storm caused 50 deaths and had recorded wind gusts of 175-180 miles per
hour. Hurricane "Carla" in 1961 caused 46 deaths in Texas and was the largest and most intense
Gulf coast hurricane in many years[3]. Following these storms, major legislation affecting the beach
erosion control program was again enacted (Public Law 87-874 in 1962). This law increased
Federal aid from 1/3 to 100 percent for shore protection study costs leading to authorization. It also
increased Federal participation in the cost of beach erosion and shore protection to 50 percent of
construction cost when the beaches were publicly owned or used, and 70 percent Federal
participation for seashore parks and conservation areas when certain conditions of ownership and
use of the beaches were met. The change from cost shared studies to 100 percent Federally funded
shore protection and beach erosion control studies, coupled with the great need to provide protection
in areas damaged by the hurricanes of the 50s and early 60s resulted in a large number of studies and
subsequent project authorizations. Recognizing the increased need for additional engineering and
scientific study in the area of shoreline protection and beach erosion control, Congress established
the Coastal Engineering Research Center and the Coastal Engineering Research Board in 1963 (PL
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88-172). This Board replaced the Beach Erosion Board that was established by Public Law 71-520
in 1930.

f. During the period from 1962 to 1968, there were nine land falling hurricanes and one
particularly severe northeast storm, the "Ash Wednesday" storm of 1962. Of the nine hurricanes,
five were category 2 and three were category 3 storms. One of these storms, Hurricane "Betsy", hit
Louisiana in 1965 with 136 mile an hour winds and caused 75 deaths. In 1969, Hurricane "Camille"
entered at Gulfport, Mississippi, and before exiting Virginia, caused 255 deaths. In June 1972,
Hurricane "Agnes" impacted areas from Florida to New York and caused 122 deaths[3]. Major
legislation during this period was the River and Harbor and Flood Control Acts of 1968 (PL 90-483)
and of 1970 (PL 91-611) which authorized numerous hurricane and beach erosion control studies
and projects.

g. The above referenced 1962 and 1968 Acts were also important in that they provided generic
legislation. Generally, water resources developments recommended to the Congress in response to
study authority may not be implemented without being specifically adopted in law. However,
subject to specific limits on the allowable Federal expenditures, Congress has delegated continuing
authority to the Secretary of the Army acting thorough the Chief of Engineers for study, approval
and construction of small projects for navigation, flood control and shore protection. The authority
for the Secretary of the Army to undertake construction of small beach and shore protection projects
not specifically authorized by Congress, was inciuded in Section 103 of the 1962 Act. At that time,
the project limit was $400,000 and the annual program limit was $3 million. These limits have
subsequently been raised and are now $2 million per project and $30 million annually for the
program. Section 111 of the 1968 Act, authorized the Chief of Engineers to investigate and
construct projects to prevent or mitigate shore damages resulting from Federal navigation works,
at full Federal cost limited to $1 million in initial construction costs per project (subsequently raised
to $2 million per project with no program limit). See paragraph E of this chapter for additional
information on the "Continuing Authorities Program".

h. In 1976, PL 94-587 authorized the placement of sand from dredging of navigational projects
on adjacent beaches if requested by the interested state government and in the public interest, with
the increased cost paid for by the non-Federal interests. The law also extended to 15 years (from
the original 10) Federal aid for periodic beach nourishment.

4. Water Resources Development Act of 1986. The Water Resources Development Act of 1986

(WRDA '86), is a legislative landmark of major significance. In addition to authorizing numerous
shore protection projects for study and construction, this Act is most significant in that it ended
political gridlock that existed between Congress and several previous Administrations on water
resources development programs. At the heart of this legislation were the beneficiary-pay reforms,
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cost sharing and user fees that make local sponsors active participants in the development of projects
(both in the planning and financing of implementation costs). Major sections of WRDA '86 that
pertain to the shoreline protection program are:

a. Section 103 established hurricane and storm damage reduction (HSDR) as a project purpose.
Beach erosion control is no longer recognized as a project purpose and the costs of constructing
beach erosion control measures are to be assigned to the recognized project purposes with cost
sharing in the same percentage as the purposes to which the costs are assigned. The basic cost
sharing formula for a project formulated for HSDR is 65 percent Federal and 35 percent non-
Federal.

b. Section 402, as amended by Section 14 of PL 100-676 (the Water Resources Development
Act of 1988), requires that before construction of any project for local flood protection or any project
for hurricane or storm damage reduction, the non-Federal interests shall agree to participate in and
comply with applicable Federal flood plain management and flood insurance programs.

c. Section 933 modified Section 145 of PL 94-587 to authorize 50 percent Federal cost sharing
of the extra costs for using dredged sand from Federal navigation improvements and maintenance
efforts for beach nourishment. In those cases where the additional costs for placement of the
dredged material is not economically justified, the Corps may still perform the work if the state or
political subdivision requests it and contributes 100 percent of the added cost of disposal.

d. Under Section 934 of WRDA '86, Federal aid for periodic beach nourishment at existing
projects may be extended as necessary without further Congressional authorization for a period not
to exceed 50 years from the date of start of project construction. The extension to 50 years is not
automatic. After notification by the Corps that the nourishment period is about to expire, the project
sponsor must request an extension and express a willingness to cost share. A reevaluation for such
projects will be made using current evaluation guidelines and policies. Section 934 authority is not
used to extend the period of authorized periodic nourishment of projects that use sand bypassing
plants.

B. NATIONAL PERSPECTIVE

1. National Assessment. In 1968, Congress reacted to the continuing hurricane and storm
activities on the Atlantic and Gulf coasts by authorizing a study, which was completed by the Corps
in 1971, entitled the National Shoreline Study[4]. The study showed there are about 84,240 miles

of ocean, estuarine, and Great Lakes shorelines, including Alaska, Hawaii, Puerto Rico and the
Virgin Islands. Of this total shoreline distance, 20,500 miles were identified as experiencing a
significant degree of shore erosion. Significant erosion was further separated into critical and non-
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critical areas. Critical erosion was defined as "those areas where erosion presents a serious problem
because the rate of erosion considered in conjunction with economic, industrial, recreational,
agricultural. navigational, demographic, ecological, and other relevant factors, indicates that action
to halt such erosion may be justified." There were 2,700 miles identified as having critical erosion
problems. The remaining 17,800 miles of significantly eroding shoreline were designated "non-
critical." If Alaska is excluded, the Nation's shoreline distances amount to about 37,000 miles, of
which 2600 miles experience critical erosion and 12,800 miles experience non-critical erosion. The
erosion estimates for the Great Lakes, Alaska and other ocean shorelines are shown in Table 2-2.

Table 2-2 Status of Coastal Erosion, 1971

Area Total Shore Miles Critical Erosion Non-critical Miles Total Miles of
Miles Significant Erosion |
Great Lakes 3,680 220 1,040 1,260
Alaska Only 47,300 100 5,000 5,100
Oceanic, Except 33,260 2,380 11,760 14,140
Alaska
TOTAL ] 84,240 2,700 17,800 20,500

2. Program Status. Based on the results of the study questionnaire (see Chapter 1, Paragraph B
and Appendix A), as of 1 July 1993, the Corps has constructed all or portions of 82 specifically
authorized shore protection projects. There are another 26 authorized but not constructed projects
and projects in preconstruction engineering and design. There are also a total of 29 authorized
studies. Twelve shore protection projects and studies have either been placed in the inactive
category or have been deauthorized. Table 2-3 is a summary of this program status. The list of
these projects and studies is shown in Appendix D.

3. Historical Authorizations of Shore Protection Projects. As shown above, our study includes
118 projects which have been authorized (total of constructed, authorized/PED, and deauthorized
projects). Only five of these shore protection projects were authorized prior to 1950. A high of 17
project authorizations occwred in 1954. Ten or more shore protection projects were also authorized
in 1938(14), 1962(15), 1965(10), and 1986(13). The large number of projects authorized in the 50s
and 60s was the direct result of the numerous major coastal storms that occurred during those years.
The large number of coastal projects authorized in 1986, as well as the low number during the 1970s
and early 1980s, is largely attributed to the lack of Water Resource Development Acts during the
period of 1976 to 1986. These authorizations are shown in Table 2-4 by decade and category.
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Table 2-3 Program Status

Shore Protection Project Status Number of Protected Shoreline
Projects/Studies Distance (miles)
Large Constructed Projects 56 209.86
Small Specifically Authorized Constructed Projects 26 15.97
Subtotal Constructed 82 225.83
Under Construction 1 0.21

Authorized/Awaiting Initiation of Consiruction 10 39.89
Preconstruction Engineering Design 15 110.60
Subtotal Authorized/PED but Unconstructed Projects 26 150.70
Feasibility Phase (GI Study) 12 250.70
Reconnaissance Phase (Gl Study) 17 273.25
Subtotal General Investigation Studies 29 523.95

Total Projects and Studies

Inactive Studies 2
Deauthorized Projects 10
Total Authorized and Deauthorized 149

Table 2-4 Historical Project Authorizations of Shore Protectionr and Beach Erosion Control

Projects
Year Large SSSA (1) Auth. Not Subsequently Total
Projects Projects Constructed Deauthorized

Before 1950 2 0 0 3 5
1950-1959 15 21 3 1 40
1960-1969 27 5 9 5 46
1970-1979 3 0 2 1 6
1980-1989 8 0 8 0 16
1990-1993 1 0 4 0 5

Total 56 26 26 10 118

(D). Small scope specifically authorized project. See following paragraph E of this chapter for additional

information.
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4. National Summary.

a. As previously indicated, the Cozps has constructed 82 specifically authorized shore
protection projects. These projects cover 226 miles of shoreline. That equates to 0.3 percent of the
total shoreline, 1.1 percent of the significant erosion areas and 8.4 percent of critical erosion areas
identified in the 1971 National Shoreline Study. If Alaska is excluded, these percentages increase
to 0.6 percent of total shoreline, 1.5 percent of significant erosion areas and 8.7 percent of critical
erosion areas. Figure 2-1 provides a perspective of the scope of the Federal shore program with
respect 1o the Nation's shoreline. Since all projects of the Corps are in developed areas, by definition

{see Chapter 2 paragraph B.1.), all of the projects are considered to be in critical erosion areas. The

alues displayed in Figure 2-1 do not include projects implemented under the Corps Continuing
Auihorities Program for small projects or the numerous state, county, city, and privately funded
shore protection projects.

b. Shorelines with natural beaches are a relatively limited and special resource. An
examination by the National Shoreline Study[4] of the lengths of non- Alashan shore with and
without a beach determined that beaches exist on about 12,200 miles, or 33 3 percent, of the total
37.000 miles of shoreline. If all 108 projects that are constructed, under construction,
authorized/awaiting construction or are in preconstruction engineering and design, are considered
as a whole. the program administered by the Corps would cover only 377 miles, or 3.1 percent of
the beach area. Even along the heavily developed South Atlantic coast of Florida, only about 27

creent of the developed shoreline is protected by Corps projects. In the reach from Cape Canaveral
in Brevard County to Key Biscayne in Dade County. a distance of 195 miles, 145 miles is
cloped. The Corps has shore protection projects along 39.1 of those miles. There are authorized
ot constructed projects covering an additional 31.5 miles of the 145 miles of the developed area
most of which are concentrated in Palm Beach County. This is summarized in Table 2-5.

¢. The relatively few major Federal projects with respect to the total number of miles of
snoreline experiencing critical erosion problems can, in part, be attributed to stringent Federal
project feasibility criteria.  These criteria, including benefit/cost analysis, virtually limit shore
protection projects to densely developed areas with high economic value and public access. For
more detail, see Chapter 2, Paragraph C, "Project Purposes".

Ij— j ‘9
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Area covered by completed
| Federal projects
= 226 miles

Areas of critical erosion not
covered by Federal projects
= 2,474

Areas showing non-critical erosion
= 17,800 miles

Areas with no significant erosion
= 63,740 miles

Figure 2-1 - Federal Program With Respect to Nation’s Shoreline (84,240 miles)
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Table 2-5 Federal Shore Protection Projects State of Florida
Between Canaveral Harbor and Key Biscayne

County Total Shoreline Approximate Constructed Aunthorized
{miles) Developed Federal Shoreline Not Constructed
Shoreline Projects (miles) ¥ederal Shoreline
L {miles) Projects (miles)
Brevard (S. of 40.0 29 44 0.0
Canaveral Hbr.)
Indian River 223 7 0.0 34
St. Lucie 22.0 8 1.3 0.0
{ Martin 21.0 13 0.0 4.0
Palm Beach 449 44 4.1 22.4
Broward 24.0 24 11.3 1.7
Dade (N. of Key 20.8 20 18.0 0.0
Biscayne)
TOTAL 195.0 145 39.1 31.5

5. Regional Summary

a. The bulk of the Corps coastal projects are on the Atlantic coast. A regional perspective
of project distributions for completed projects is given in Table 2-6. This project tabulation
compares the number of completed projects and miles and percent of critically eroded coastline
protected, against the total miles of shoreline and the miles of shoreline with critical erosion
problems as identified in the 1971 National Shoreline Study[4]. The distribution by region of these
82 completed projects is shown on Figure 2-2.

b. Another 26 projects covering an additional 151 miles of coastline are either under
construction, authorized but not yet constructed, or are in the Preconstruction Engineering and
Design (PED) stage. In addition, there are 29 studies underway for 524 miles of shoreline. Table
2-7 gives the number and regional distribution of these projects and studies. The length of shoreline
protected includes reaches of coastline under study. In most cases this length will be reduced when
actual projects are identified. Of the total 674.6 miles identified, 524.0 miles or 78 percent is
attributed to reconnaissance and feasibility studies.
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Table 2-6 Regional Assessment of Completed Shore Protection Projects (1)

Region Total (2) Significant (2) Critical (2) Number of Critically
Shoreline Shoreline Shoreline Projects Protected
(miles) {miles) (miles) Shoreline
S e
North Atlantic 8,620 7,460 1,090 41 774/ 7.1
South Atlantic-Gulf 14,620 2.820 980 22 107.0/10.9
Lower Mississippi 1,940 1,580 30 1 7.0/23.3
Texas Gulf 2,500 360 100 2 4./5/4.5
Great Lakes 3,680 1,260 220 6 14.8/6.7
Alaska 47.300 5,100 100 0 0.0/0
North Pacific 2,840 260 70 0 0.0/ 0
California 1,810 1,550 80 10 15.1/18.8
Hawaii 930 110 30 0 0.0/ 0
Total 84,240 20,500 2,760 82 225.8/ 8.4

(1). Does not include small shore protection projects in the Continuing Authorities Program.
(2). Mileage from the 1971 National Shorcline Study.

Table 2-7 Regional Assessment of Authorized But Not Constructed Projects and Studies'

Region Total® Significant’ Critical® Number Critical Protected
Shoreline Erosicn Erosion of Shoreline Distance
Distance Distance Distance Projects/ {miles) / (%)
(miles) (imiles) (miles) Studies
North Atlantic 8,020 7,460 1,090 22 397.2/36.4%
South Atlantic-Gulf 14,620 2,820 980 25 204.2/20.8%
Lower Mississippi 1,940 1,580 30 0 0/0%
Texas Gulf 2,500 360 100 i 8.0/8.0%
Great Lakes 3,680 1,260 220 1 2.0/0.9%
Alaska 47,300 5,100 100 ] 0.2/0.2%
North Pacific 2,840 260 70 0 0/0%
California 1,810 1,550 80 5 62.3/77.8%
Hawaii 930 110 30 0 0/0%
Total 84,240 20,500 2,700 55 674.6 /25%

I Includes projects m PED but docs not include shore protection projects/studies in the Continumg Authorities Program.
2 From 197! Nationa! Shoreline Study
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c. Table 2-7 does not include the "Coast of Florida Erosion and Storm Effects Study"
(COFS) [5]. This study, authorized in 1985 by PL 98-360, includes the entire 1,020 miles of the
Florida coastline. The National Shoreline Study[4] identified 543 miles of Florida's shoreline as
having storm damage problems. The 16 completed projects in the state of Florida as identified in
our current study, protect 68 miles, or about 13 percent of the erosion problem areas. The COFS
will result in developing a comprehensive body of information on regional coastal processes around
Florida, through the collection and analysis of new and existing data. The information will lead to
selected regional plans or alternatives for each of the five regions of the study and establish a central
database available to the public for monitoring the assessment of future coastal changes, whether
naturally induced or man induced. The COFS will result in decision documents (feasibility reports)
directed toward presenting sufficient rationale to support recommendations to seek authorization for
new projects, and/or to authorize modifications in existing Federal navigation and shore protection
projects. This approximately $22 million study cost is being shared on a 50-50 basis between the
Federal Government and the State of Florida.

6 . Deauthorizations. Prior to 1974, projects could be deauthorized only by specific Acts of
Congress. This was changed by Section 12 of Public Law 03-251, The Water Resources
Development Act of 1974. This section established a procedure for deauthorization of projects that
had not received any Congressional appropriations within eight years. This law was superseded by
Section 1001 of Public Law 99-662, The Water Resources Development Act of 1986. Subsection
1001(a) provides that any project authorized for construction in the 1986 Act shall be deauthorized
as of the fifth anniversary of its enactment if funds have not been allocated for construction prior
to that date. Subsection 1001(b) establishes a new procedure, replacing the procedure established
by Section 12 of PL 93-251, for deauthorization of previously authorized projects or separable
elements for which no funds have been obligated for a period of ten fiscal years. Similarly, Section
710 of PL 99-662, establishes a procedure for deauthorization of studies that have not received any
Congressional appropriations for five years.

C. PROJECT PURPOSES

1. Introduction. The term "project purpose” is a generally accepted term which describes a type of
project or management measure and the reason for which it is to be, or was, constructed. For
example, a "shore protection" project implies the use of management measures, such as berms,
dunes, groins, revetments, breakwaters, etc., along the oceans and Great Lakes of the United States
to prevent or reduce hurricane, tidal and lake flood damages, improve recreation and/or stop land
loss. The Water Resources Development Act of 1986 significantly changed the way that shore
protection projects are formulated and cost shared.
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2. Shore Protection Projects Prior to WRDA '86.

a. Beach Erosion Control. Federal participation in the cost of restoring and protecting
eroding shores of the United States was authorized under various statutes. The extent of Federal
participation was based upon shore ownership and use, and the type and incidence of the benefits.
Without public use or benefits, no Federal funds could be used. The costs of measures protecting
Federal shores were Federal. Federal participation in protecting non-Federal public shores was 50
percent, but could be a maximum of 70 percent under special conditions for certain park and
conservation areas. Private shores were eligible for Federal participation of up to 50 percent, if there
were benefits from public use.

b. Hurricane and Abnormal Tidal Flooding. Federal interest in projects to protect against
hurricane and abnormal tidal {looding was established case-by-case based upon specific
Congressional authorizations. Although projects were usually similar to beach erosion control
works, hurricane projects were viewed as being more like flood control projects. Public use was not
a condition for Federal participation in protecting against hurricanes. The Federal share of hurricane
projects was limited to a maximum of 70 percent.

¢. Recreation. Projects for beach erosion control produce significant recreation benefits.
In some projects, recreation benefits provided for most of the economic justification. During the
mid-1980s, as budget deficits increased, projects considered to be "primarily recreation” were
assigned a lower priority in the budgetary process. Consequently, the emphasis on recreation
diminished.

3. Shore Protection Projects After WRDA '86.

a. Beach Erosion Control. Subsection 103(d) of WRDA '86 discontinued this project
purpose by directing the costs of measures for beach erosion control to be assigned to appropriate
project purposes and shared in the same percentages as the purposes to which the costs are assigned.
In accord with this direction, damages resulting from coastal erosion are now included along with
the damages from inundation and waves, and the projects which reduce thess damages are hurricane
and storm damage reduction projects.

b. Hurricane and Storm Damage Reduction (HSDR). Subsection 103(c) of WRDA 86
established a HSDR project purpose and legislated a 35 percent non-Federal cost sharing
requirement. Non-Federal interests were also to provide all lands, easements, rights-of-way,
relocations, and dredged material disposal areas (LERRD), and perform all operation and
maintenance. The value of LERRD contributions are inciuded in the non-Federal share. Periodic
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nourishment by the placement of material on a beach at suitable intervals of time, is considered
"construction” for funding and cost sharing purposes, in accord with PL 84-826. By including
hurricane protection into storm damage reduction, Congress established public use as a precondition
for Federal participation.

c. Recreation. Since WRDA '86, shore protection projects have been formulated for HSDR.
These projects will generally produce significant recreation benefits which are included in the
economic analysis and used for project justification. However, if over one-half of the benefits
required for justification are recreation, current Department of Army budgetary policy precludes
Federal participation. In addition, any additional beachfill over that required for the project
formulated for HSDR, to satisfy recreation demand, is a separable recreation feature. Federal
participation in a separable recreation feature for shore protection projects, even though
economically justified, is precluded under the current Department of Army policy.

4. Navigation. Incidental to the Corps mission of maintaining the Nation's rivers and harbors, in
certain instances, is that material dredged from such activities can be used for beach fill purposes.
Authority for such operations was first contained in Section 145 of Public Law 94-587 (Water
Resources Development Act of 1976). This authority was subsequently amended by Section 933
of WRDA '86 and Section 207 of PL 102-580 . Currently, this authority and related regulations
allow Federal participation in 50 percent of the added costs (in relation to the least cost navigation
disposal alternative) of dredged material placement for beach nourishment purposes, providing the
placement is economically justified, and other conditions common to Civil Works storm damage
reduction projects are met. Where all of these conditions cannot be met, placement can still be
accomplished if non-Federal interests provide all of the added costs, and the placement is
environmentally acceptable and in the public interest.

5. Report Summary of Project Purposes.

a. A list of completed projects by project purpose is presented in Table 2-8. As shown in
the table, the majority, 70 of the 82 projects (85 percent), contain beach erosion control as a project
purpose, either as a singular purpose or as part of a multipurpose project. The next most prevalent
purposes are recreation (53 projects/65 percent) and hurricane and storm damage reduction (52
projects/63 percent). Navigation is considered in only four projects and mitigation in only two
projects. The predominance of beach erosion control and recreation projects in the totals is
attributable to older projects which were authorized and constructed before WRDA '86. The
information is subdivided into the categories of "Regular" and "Small Scope Specifically Authorized
(SSSA)" projects. For additional information on SSSA projects, see paragraph F.
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Table 2-8 Project Purpose - Completed Projects

Shore Protection Project Purpose Number of Projects Protected Shoreline Distance (miles)
Regular | SSSA | Total Regular SSSA Total

Hurricane and Storm Damage Reduction 3 1 4 10.32 0.13 10.45

(HSDR)

HSDR/Recreation (REC) 3 1 4 13.14 0.42 | 13.56

|| HSDR/REC/Beach Erosion Control (BEC) 21 9 30 95.44 | 8.39 103.83
HSDR/REC/BEC/Navigation 1 0 1 2.65 0 2.65
HSDR/REC/BEC/Mitigation 1 0 1 1.30 0 1.30
HSDR/BEC 10 0 10 33.65 0 33.65
HSDR/Navigation 1 1 2 4.28 1.00 5.28
Recreation 0 2 2 0 0.53 0.53
Recreation/BEC 8 7 15 15.20 1.74 16.94

Beach Erosion Control (BEC) 6 5 11 17.93 3.76 21.69
BEC/Navigation ] 1 0 I 0.95 0 0.95
BEC/Mitigation 1 0 1 15.00 0 15.00

Total 56 26 82 209.86 1597 | 225.83

0. Authorized projects for which construction has not been completed, as well as projects
in PED and authorized studies, are listed in Table 2-9. As shown in the table, hurricane and storm
damage reduction is a project purpose in 51 of the 55 unconstructed projects/studies (93 percent),
while beach erosion control is in 28 projects (51 percent) and recreation in 27 projects (49 percent).
The single purpose recreation project is the Charlotte County, Florida project and was authorized
in WRDA '86. For the 1993 data base of this report, the Charlotte County project is listed under the
category of “awaiting funds.” However, for the current 1995 fiscal year the project is classified as
“inactive.” The single purpose navigation project is the Sargent Beach. Texas project. This project,
authorized in WRDA '92, is currently in preconstruction engineering and design.
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Table 2-9  Project Purpose - Authorized But Not Constructed Projects and Studies

Shore Protection Project Purpose Number of Protected Shoreline
Projects/Studies Distance (miles)
Hurricane and Storm Damage Reduction (HSDR) 17 221.30
HSDR/Recreation (REC) 7 142.19
HSDR/REC/Beach Erosion Control (BEC) 14 65.66
HSDR/REC/BEC/Navigation 1 4.60
HSDR/REC/BEC/Mitigation 4 11.96
HSDR/BEC 7 211.73
HSDR/Environmental Restoration 1 1.50
Recreation 1 1.10
Beach Erosion Control 1 6.16
BEC/Navigation 1 0.50
Navigation 1 7.95
Total 55 674.65

This shift in project purposes from beach erosion control to hurricane and storm damage
reduction, and the reduction in the number of recreation projects, is summarized in Box 2-2.

Box 2-2

5, i S R S

Shift in Project Purpose

PURPOSE PURPOSE AS % OF COMPLETED PURPGSE AS % OF
PROJECTS AUTHORIZED
PROJECTS/STUDIES
BEC 85% 51%
REC 65% 49%
HSDR 63% 93%
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D. PROJECT FEATURES

1. General. The features of shore protection projects usually consist of one or a combination of the
following functional elements: beach fills and dune fills (soft structural measures); and groins,
seawalls, revetments, breakwaters, bulkheads and sand transfer plants (hard structural measures).
There is no specific or singular functional feature that can be applied universally to solve all shore
protection problems. Most project sites have some unique characteristics and must be evaluated on
he basis of their particular attributes in order to develop project plans that afford the best balance
etween functional performance, cost-efficiency, return of economic benefits, and environmental
acceptability. The protection of relatively long reaches of shoreline, more often than not, involves
the placement of beach fill and the provision of subsequent periodic nourishment. However, even
in these cases, many project sites require detailed assessments to determine, for example, whether
ornot groins are needed for all or part of the fill or how much fill to place, how long the fill will last
before needing to be renourished, and whether a dune fill or seawall should be used to account for
storm ude effects]6].

et e

2. Shift from Structures to Beach Nourishment,

a. In the United States, as elsewhere prior to the Second World W. ar, the main approach to
beach erosion and storm damage problems was through the use of fixed structures, usually groius,
jetties and seawalls. A groin is constructed perpendicular to the shore to stabilize the shoreline
position and minimize erosion by trapping longshore moving sediment. A jetty is also built
perpendicular to the shore and is constructed at mouths of rivers or tidal inlets to stabilize a
1avigation channel and assist in maintaining project depths by preventing shoaling of littoral
materials. A seawall is built along a bank or shore to prevent loss of land and damage to landward
structures caused by wave action or currents. A classic example of this early type of structure is the
Galveston, Texas seawall which was begun in 1902 by local interests. Most of the hard structural
shore protection projects are built of concrete or steel sheet pile and stone rubble mounds. Wooden
cribs with concrete caps and steel cells are other types of structures that are used. These structures

1ih varying degrees of success. By the 1920s and 1930s, use of fixed structures had
preliferated along certain resort sections of the Nation's coastline to such an extent that these
structures, while protecting both public and private property, impeded the recreational use of the

.
beaches.

et

b. In the late 1940s and early 1950s, an important change evolved in the basic concept of
shoreline protection. Rather than relying solely on the traditional coastal defense structures of the
past. it was increasingly realized that, in many situations, results would be more cost-efficient and
functionally successful if techniques were used which replicated the protective characteristics of
natural beach and dune systems. This concept, pioneered in the early 1960s by the Corps' Coastal
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Engineering Research Center (CERC), placed emphasis on the use of artificial beaches and dunes
as economically efficient and highly effective dissipators of wave energy. Other important
considerations were the aesthetic and recreational values of artificially created beaches.

c. The broad public acceptance which now exists in the use of artificial beaches as a primary
means of shore protection was initially gained through the experience and performance of Federal
beach nourishment projects. Prior to 1956, periodic nourishment was considered to be a form of
maintenance, which was totally a non-Federal responsibility. Recognizing that beach nourishment
resulted in considerable benefits to adjacent shorelines, Congress in 1956 passed legislation which
classified beach nourishment as a continuing construction feature, eligible for Federal cost sharing
participation. Reshaping the beach with existing sand and moving the sand around on the beach is
considered beach maintenance and is a non-Federal responsibility. Only when new sand is placed
on the project is it considered periodic nourishment.

d. Originally, sand for beach nourishment came from the inland waterways or rivers and
estuaries. Early beach projects in Florida that had been built by local interests as early as 1949-1951
used sand dredged from estuaries behind the barrier islands. Many of the early projects authorized
for Florida (1958-1968), originally had bays and estuaries identified as the borrow area locations.
These sources of sand were later abandoned after the environmental tradeoffs were considered by
many as too costly compared to the benefits realized.

e. Shore protection studies underway or completed on the east coast by 1964 showed that,
if the Federal or local governments were to come to grips with the erosion problems, a
comprehensive program was needed to locate sand deposits offshore in the Atlantic Ocean.
Recognizing the need for new sand sources for beach nourishment, CERC initiated the Inner
Continental Shelf Sediment Study in 1964. This study, completed in 1978, was funded by CERC
with research funds appropriated by Congress. The purpose of the study was to develop an
inventory of potential offshore borrow sites for the increasing number of authorized beach
nourishment projects. The U.S. Geological Survey is continuing sampling and analysis in deeper
areas offshore of and including state territorial waters.

£ Once offshore sources of sand for beach nourishment projects were identified, it was
immediately apparent that existing dredges only had limited capacity to dredge sand from offshore
borrow areas. This was due to lack of capability to move sand from long distances in the high
energy offshore wave climate. Very few dredges met U.S. Coast guard certification requirements
for operations offshore. Most hopper dredges in the 1960s did not have pumpout capability. Along
with the need to dredge offshore sand for beach nourishment, a trend started in the late 1960s and
early 1970s to place material dredged from maintenance of Federal navigation projects on adjacent
beaches. In order to meet these new dredging demands, many dredging companies constructed
dredges to new designs. As shown in Box 2-3, eight of the industry's 13 dredges constructed
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between 1971 and 1983 have direct pumpout capability, and 10 of the 13 dredges have split hulls
that will allow disposal of dredged material in the nearshore zone. The Corps' four hopper dredges
(McFarland, Yaquina, Weeler, and Essayons), all have both bottom door and direct pumpout
capability. In accordance with P.L. 95-269, the Corps maintains a minimum dredge fleet in order
to perform emergency and national defense dredging, and supplements private industries’ capability
as necessary to accomplish river and harbor maintenance work. In addition to the four hopper
dredges, the Corps also maintains three dust pan dredges, two sidecast dredges and one pipeline
dredge.

¢
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INDUSTRY HOPPER DREDGE DA

TA

Hopper Discharge Direct Pumpout
System |
s No Optional
Split Hull 7 ; -
Bottom Door 1 . 1
Total g . 1

g. The significant shift from a strong reliance on fixed structures to beach restoration
and nourishment by the Corps is demonstrated in Figure 2-3. In this figure, the cost of initial beach
restoration and periodic nourishment have been combined to show the percent of costs spent on
beach nourishment versus the percent spent on structures. Since 1960, approximately 90 percent
of total Federally sponsored shoreline protection costs have been spent on beach restoration and

periodic nourishment .
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Figure 2-3 - The Shift From Fixed Structures to Beach
Restoration and Nourishment

3. Report Summary of Project Features.

a. A list of constructed projects, by project feature, is presented in Table 2-10. In reference
to 82 projects, 20 (24 percent) involve only beach restoration and/or nourishment, 10 (12 percent)
rely solely on hard structural measures, and the remaining 52 (64 percent) involve a combination
of hard and soft measures. See Chapter 2, paragraph F for information on "SSSA" projects.

b. Project features for authorized projects for which construction is not complete, and for
projects in PED and authorized studies, are listed in Table 2-11. As shown in the table, the
authorized projects and studies have a higher percentage of soft structural features. Of these newer
55 projects and studies, 30 (55 percent) are soft structural, three (5 percent) are hard structural and
22 (40 percent) are a combination of soft and hard.
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Table 2-10 Project Feature-Completed Projects

Number of Projects Protected Shoreline Distance
Shore Protection Project Feature (miles)
Regular SSSA Total Regular SSSA i Tptaﬂ |
malBLach Restoratlon (IBR) 1 4 T ) 13.15 0 ] 13.15
IBR/Nourishment (N) 9 6 15 43.21 5.13 48.34
IBR/N/Grein Field (GF) 7 4 11 12.63 2.37 15.00
IBR/N/GF/Breakwater 1 0 1 3.60 0 3.60
IBR/N/GF/Breakwater/Revetments 1 0 1 0.99 : 0 0.99
IBR/N/GF/Revetments [ 1 2 1.48 0.25 1.73
IBR/N/Sand Bypassing 1 0 1 0.66 ‘ 0 0.66
IBR/N/Terminal Groin 8 7 15 43.76 | 383 47.61
IBR/N/Terminal Groin/Breakwater 1 0 i 0.28 0 ‘ 0.28
IBR/N Terminal Groin/Revetments 2 0 2 4.10 0 4.10
IBR/N/Breakywater 2 0 2 2.01 0 2.01
IBR/N/Revetments 1 1 2 8.40 1.00 9.40
IBR/N/Tidal Surge Protection 2 0 2 25.15 0 25.15
IBR/N/Other 3 0 3 14.05 0 i4.05
IBR/GF 4 0 4 12.88 0 12.88
IBR/GF/Revetments 1 0 1 1.61 0 1.61
IBR/Terminal Groin i 2 3 0.15 1.27 1.42
Nourishment 1 0 1 6.16 ‘ 0 6.16
N/Terminal Groin 0 1 1 0 0.28 0.28
Groin Field 1 0 1 1.86 0 | 1.86
GF/Breakwater 0 1 I 0 0.95 0.95
GF/Revetments 0 1 1 0 0.38 0.38
Sand Bypassing 1 0 1 0 0 0
Terminal Groin 0 i 1 0 0.36 0.36
Revetments 4 1 5 13.73 0.13 13.86
Total 56 26 82 209.86 15.97 225.83
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Table 2-11  Project Feature - Authorized But Not Constructed
Projects and Studies

Shore Protection Project Feature Number of Protected Shoreline Distance
Projects/ (miles)
Studies
Initial Beach Restoration (IBR)/
Periodic Nourishment (N) 29 396.71
IBR/N/Groin Field (GF) 4 57.33
IBR/N/GF/Terminal Groin (TG) 1 7.00
IBR/N/GF/TG/Breakwater 2 50.00
IBR/N/Sand Bypassing 1 0.50
IBR/N/TG 7 121.67
IBR/N/TG/Revetments 1 2.70
IBR/N/Revetments 2 0.50
IBR/N/Revetments/Tidal Surge Protection 1 21.00
IBR/N/Tidal Surge Protcction 2 3.50
Periodic Nourishment 1 (1)
Periodic Nourishment/Revetments 1 0.21
Revetments 3 13.53
Total 55 674.65

(1) Section 934 study to nourish a portion of the Virginia Beach, VA, project. The mileage is listed under "Constructed Projects.”

This shift in project features from hard to soft measures is summarized in Box 2-4.

E. CONTINUING AUTHORITIES PROGRAM

1. Authorization. There are six legislative authorities under which the Secretary of the Army, acting
through the Chief of Engineers, is authorized to plan, design, and construct certain types of water
resources improvements without specific Congressional authorization. These authorities are called
the "Continuing Authorities Program" when referred to as a group. The following three of these
authorities pertain partly or entirely to hurricane and storm damage reduction.
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Box 2-4
. — ,
Shift in Project Feature
FEATURE FEATURE AS %0OF FEATURE AS %OF AUTHORIZED
COMPLETED PROJECTS PROJECTS/STUDIES
Soft Structural 24% 553%
Hard Structural 12% 5%
Combination 64% 40%

e e e e T T R e

a. Section 14, Flood Conirol Act of 1946 (PL 79-526), as amended (emergency streambank
and shoreline erosion protection for public facilities and services). This program applies only partly
to the shore protection and beach erosion control projects. The Federal funding limit per project is
currently $500,000 with a program limit of $12,500,000 per year.

b. Section 103, River and Harbor Act of 1962 (PL 87-874), as amended ( storm damage
reduction). This program authorizes Federal participation in the cost of protecting the shores of
publicly owned property and private property where public benefits result. The Federal funding
limit per project is currently $2,000,000 with a program limit of $30,000,000 per vear.

¢. Section 111, River and Harbor Act of 1968 (PL 90-483), as amended (mitigation of
shoreline erosion damage caused by Federal navigation projects). The Federal funding limit per
project is currently $2,000,000 for initial construction, with no yearly program limit or limit Federal
participation beyond/after initial restoration.

2. Extent of Program. The survey performed by this study did not include projects under the
continuing authorities program. Headquarters, U.S. Army Corps of Engineers, was queried
concerning its records of constructed projects for this program. The only records readily available
were for the Section 103 program and only for as far back as 1987. According to those records,
since 1987 the Corps has constructed only 14 projects that relate to shore protection and beach
erosion control under the Section 103 Continuing Authorities Program. The projects and the related
totai cost are provided in Table 2-12. This total program cost in actual dollars since 1987 has been
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only $19.5 million or less than $3 million per year. This is about 7.5 percent of the approximately
$263 million spent on the 56 large projects during this same time period (1987-1993). The Federal
expenditure has been much less. Since historical data is limited and the total program is minor with
respect to the specifically authorized program, these projects are not included in the report totals.

Table 2-12 Continuing Authorities Program - Section 103
Projects Completed or Under Construction Since 1 January 1987

Division/ Authority' ‘ Project Total Project Cost
District ($000)
NED 103 Prospect Beach, West Haven, CT 2,268
103 Sea Bluff Beach, West Haven, CT 450
103 Woodmont Beach, Milford, CT 1,184
NAP 103 N. Shore Indian River Inlet., DE 886
103 S. Shore Indian River Inlet.,,DE 1,029
NAB 103 North Beach, Calvert Co., MD 835
103 Colonial Beach, VA 1,711
NCB 103 Century Park, Lorain, OH 604
103 Sims Park, Euclid, OH 1,345
NCC 103 Lake Bluff-Sunrise Park, 1L 300
NPS 103 Lincoln Park Beach, Seattle, WA 3,423
SPN 103 Emeryville Point Park, CA 1,088
POD 103 Lepua Area, AS 1,959
103 Sand Island, Oahu, HI 2,452
Total 14 Projects 19,532

I Section 103 of the 1962 River and Harbor Act, as amended (Beach Erosion Control).

F. SMALL SCOPE SPECIFICALLY AUTHORIZED PROJECTS

1. Overview. Prior to enactment of Section 103 of the 1962 River and Harbor Act and Section 111
of the 1968 River and Harbor Act, several shore protection projects were authorized which were
small in size and cost. If a "Continuing Authority Program" (see above paragraph E) had been in
effect at that time, these projects would have been constructed under those authorities. There were
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a total of 26 of these types of projects constructed; 21 in the New England Division and five in the
Los Angeles District.  The individual projects which comprise the "Small Scope Specifically
Authorized” projects are identified in Table 2-13. Table 2-13 also provides the authorization,
project length and cost data or these 26 projects.

2. Elimination. A summary of the mileage and cost for the 26 small scope specifically authorized
projects is presented in Table 2-14. As shown, these 26 projects protect about 16 miles of shoreline
(only 7 percent of the total 226 miles being protected). The 26 projects average about 0.6 miles in
length compared to the remaining 56 projects which average 3.75 miles in length. At the time of
construction, the 26 projects had a total Federal cost of about $1.75 million, or an average Federal
cost of about $67,300 per project. The total Federal cost, adjusted to 1993 price levels, for the New
England Division projects is $5.6 million and for the Los Angeles District projects $3.9 million.
This total Federal cost of $9.5 million is about 1.1 percent of the remaining total 1993 Federal
program cost (see Chapter 4) and equates to an average of about $365,000 per project for the 26
projects. compared to an average Federal cost of about $15.7 million for the remaining 56 projects.

In addition to their relatively small size and costs, there is limited historical data on these projects,
all of which were built during the 50s and early to mid 60s. The small 26 projects were Very
different from the majority of the projects studied and were interpreted as not representing the intent
of the OMB directive to study Congressionally authorized shore protection projects. Accordingly,
these 26 projects were excluded from the data base used to conduct the detailed analysis and will
not be discussed further in this report. During a briefing on 23 December 1993, OMB concurred in
the exclusion of these projects from further consideration. The location of the remaining 56 projects
is shown on Figure 4-1.

G. OPERATION, MAINTENANCE AND MONITORING

1. General. Under the provisions of WRDA '86, the non-Federal sponsor must operate, maintain,
repair, replace and rehabilitate (O&M), a completed shore protection project. A unique aspect of
beach fill projects is the provision for continuing Federal participation in the periodic nourishment
of such projects where sand is placed on the beach, berm, or dune to replenish eroded material,
Under PL 84-826, enacted in 1956, periodic nourishment is considered to be a continuing
construction feature for funding and cost sharing purposes and not an operation and maintenance
feature when it is the most suitable and economical remedial measure. It is undertaken when
necessary to replace storm-induced sand losses and to prevent excessive erosion of the authorized
beach design profile.
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Table 2-13 Small Scope Specifically Authorized Projects, Authorization and Cost Data

Dist. Project Type of Length of Year Year
Authorization Shoreline Authorized Completed Construction ($000) Cost, 1993 Prices Levels
1$000)
Federa! Total Federal Total
NED Compo beach, CT Beach Erosion 0.70 1950 1962 82 246 513 1540
NED Silver Beach to Cedar Beach, CT Beach Erosion 324 1954 1964 63 333 357 1900
NED Cove Island, CT Beach Erosion 023 1958 1961 49 145 294 882
NED Calf Pasture Beach Park, CT Beach Erosion 042 1958 1963 57 177 352 1102
NED Cummings Park, CT Beach Erosion 0.19 1958 1963 28 83 158 475
NED Burial Hill Beach, CT Beach Erosion 0.09 1950 1958 6 18 41 124
NED Cuilford Point Beach, CT Beach Erosion 0.08 1958 1961 15 45 86 256
NED Gulf Beach, CT Beach Erosion 023 1954 1958 21 64 145 433
NED Hammonasset Beach, CT Beach Erosion 1.89 1954 1956 171 513 1271 3814
NED Sand Hill Cove Beach, CT Beach Erosion 1.00 1954 1959 39 118 272 827
NED Jennings Beach, CT Beach Erosion 0.36 1950 1955 14 43 112 337
NED Light House point Park, CT Beach Erosion 0.28 1958 1960 4 12 25 74
NED Middle Beach, CT Beach Erssion 0.13 1954 1958 9 28 63 188
NED Sasco Beach, CT Beach Erosion 017 1950 1961 23 69 150 445
NED Shert Beach, CT (2) Beach Erosion 0.47 1954 1955 0 1] 0 [
NED Southport Beach, CT Beach Erosion .13 1950 1960 18 53 119 358
NED Woodmont Beach , CT Beach Erosion 0.76 1954 1959 54 166 347 1067
NED North Scituate Beach, CT Beach Erosion 0.47 1960 1969 107 214 473 948
NED Town Beach MA Beach Erosion 0.25 1960 1963 6 17 31 94
NED Wessagusselt Beach, MA Beach Eroston 0.49 1960 1969 181 381 733 1544
NED Misquamicut Beach, RI Beach Erosion 0.63 1958 1963 15 45 86 256
SPL Imperial Beach, CA Beach Erosion 095 1958 1961 69 157 434 997
SPL San Diego Beach, Sunset Cliffs, CA Beach Erosion 038 1966 1973 185 370 501 1003
3)
SPL Ocean Beach, CA (4) Mitigation 032 1958 1955 8 24 62 187
SPL Dohemy Beach, CA Beach Erosion 1.16 1960 1967 377 753 1915 3829
SPL Anaheim Bay, CA Mitigation 0.95 1954 1959 148 486 957 3135
Footnotes:

{1) Type of Authorization

a. Beach Erosion, This signifies small beach erosion control projects authorized prior to the general authority provided by Section 103 of the River and harbor Act of 1962. The updated
Federal cost is less than $2,000,000 at 1993 price levels.

b. Mitigation. This signifies small navigation mitigation projects authorized prior to the general authority provided by Section 111 of the River and Harbor Act of 1968. The updated
Federa cost is less than $2,000,000 at 1993 price levels.

(2) No cost of construction charged to this project. Material input on the beach was from dredging a navigation channel.

(3) Authorized as part of a larger project with a cost in excess of $2,000,000. The more expensive part of the project was deauthorized, leaving a $37,000 revetment and dike project. Due to the scope
of the completed project and the lack of information available, this project was designated as “Projects Which Are Continuing Authority Types.”

(4) Authorized as part of a larger project with an estimated cost of $289,000. This particular $24,000 increment of the project was a reimbursement to the local interests for work they had previously
accomplished as part of the authorized project.
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Table 2-14 Summary - Small Scope Specifically Authorized Projects
Corps Number of Total Original Cost of Construction Cost of Construction Adjusted to
office Projects Length of ($000) 1993Price Levels ($000)
Shoreline
{miles) Federal Total Federal Total
NED 21 12.21 962 2,770 5,628 16,664
SPL 5 3.76 787 1,790 3,869 9,151
Total 26 15.97 1,749 4,560 9,497 17,575

2. Operation.  Operation activities of a beach fill project would include assuring public access and
safety. providing basic amenities, protection of dunes, prevention of encroachments, and monitoring
of beach design section conditions. Operation of the project should also assure that no acts of man
erode or damage the integrity of the beach fill, berm and/or dune, or any structure that may be a part
of'the project[7]. Recent Corps regulations[8] require the non-Federal sponsor to: perform at least
one complete survey of beach berm, foreshore profiles and protective dune each year prior to the
storm season; be certain that the dry beach width above normal high tide is measured periodically
and make post storm surveys of the protective dune and coastal structures as required by the
operations and maintenance manual.

5. Maintenance. Maintenance of a shore protection project includes not only mamtammg, but also
pauodlc replacement, repair, or rehabilitation of the measures/structures comprising the project. For
a beach fill project, the primary maintenance responsibility would be to maintain the beach, berm,
and dune design section by sand relocation (moving sand laterally along the beach) and profile
reshaping (moving sand perpendicular to the shore), but excluding beach nourishment that is
incorporated in the project as deferred construction.  Maintenance would also include the
maintenance, 1eplacement and repair of dune walk overs, dune vegetation or sand fencing and all
necessary repairs to assure the integrity and working order of any fixed structure[7]. The non-

Federal sponsor must also provide such maintenance as is required to insure safety and serviceability
of required public access, parking areas and sanitary facilities during periods of recreational use of

the project beach. Additionally the non-Federal sponser must inspect the facilities 20 to 30 days
prior to the recreation season, and at least once a month during the recreation season, to insure that
all required facilities are providing safe, serviceable public use[8]. Provision of all recreational
amenities including access and parking is a non-Federal responsibility at all times.
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4. Monitoring.

a. The Department of Army regulation on the monitoring of coastal projects was updated
in 1993[9]. The objective of the regulation is to assure the collection of adequate information as a
basis for improving project purpose attainment, design procedures, construction methods and
operations and maintenance techniques. This objective is to be achieved through: normal
monitoring and inspection of projects maintained by the Corps; cooperative efforts on beach fill
projects maintained by others, but periodically nourished or reconstructed as part of a Federal shore
protection project; and, a national program for intensive monitoring of selected Civil Works coastal
projects maintained by the Corps (Monitoring of Completed Coastal Projects (MCCP) program).
Project-related monitoring programs should continue to be included in the authority for new or
modified projects and funded as a part of the project. Emphasis should be placed on developing a
monitoring plan as an integral part of every coastal project. Protective beach fills require close
nionitoring (inspection) to ensure that damage reduction benefits are realized. Such monitoring (a
necessary part of these projects) should be covered in a project operations and maintenance manual
and accomplished as part of the beach nourishment effort. Monitoring for the projects included in
the MCCP program is funded entirely by the Federal Government. Funding of selected projects
under the MCCP program will be through Operation and Maintenance (O&M) appropriations. Since
there is no authority for Federal participation in the O&M of shore protection projects, these type
projects cannot be included in the MCCP program. Federal monitoring at these projects must,
therefore, be funded from General Investigations or Construction General appropriations.

b. The engineer manual[10] that describes the MCCP program provides guidance on
instruments that are available and procedures to be used in monitoring physical processes at coastal
projects. The manual describes equipment, data handling, and site selection that must be
incorporated into a coastal project monitoring effort. Guidance is provided on how various physical
phenomena can be measured and analyzed. Detailed instructions are given on wave measurements,
water level monitoring, current measurements, water temperature observations, salinity
measurements, sediment sampling, littoral environmental observations, topographic and bathymetric
surveys, structural surveys, visual observations, photographic documentation, ice conditions and
meteorological monitoring. Examples presented in the manual transfer technical knowledge
obtained from recent research activities to the Corps field offices.

5. Report Summary on Operation, Maintenance and Monitoring. The study questionnaire
contained three questions with respect to operation and maintenance: is there an O&M manual; if

not, is there periodic monitoring and/or inspection; and, what is the frequency of monitoring and/or
inspection? The results of the questionnaire are shown in Table 2-15. In summary, of the 56 major
projects that have been constructed, 16 have an O&M manual. Of the 36 projects that do not have
an O&M manual, 18 are monitored and/or inspected periodically. For those that are inspected, the
frequency of periodic inspection varies from once every month to "as needed". Of the 34 projects
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that either have an O&M manual and/or are inspected, about 80 percent are inspected at least once
every year. Four of the questionnaire forms were left blank for this series of questions.

Table 2-15  Operation and Maintenance Summary

Number Type of Project O&M O&M If no O&M
of Manual? | Manual? Manual, is there
Projects Yes No Periodic

_Maonitoring J

4 | Initial Beach Restoration 1 3 1
I | Nourishment 0 1 1
9 | Initial Beach Restoration/Nourishment 1 8 6
6 | Initial Beach Restoration/Hard 1 5 1
Structures
30 | Initial Beach 10 17(1) 9
Restoration/Nourishment/Hard
Structures
6 | Hard Structures 3 2(2) 0
56 | TOTAL 16 36(3) 18 |

Notes: (1) 3 forms were left blank
(2) 1 form was left blank
(3) plus 4 blank {orms

H. SUMMARY

The U.S. Army Corps of Engineers shoreline protection program has evolved over the last 50 years
in response to coastal storms and the resulting Federal legislation. As of July 1993, the program
consisted of 82 specifically authorized projects along 226 miles of ocean and Great Lakes shoreline.
These projects account for less than one percent of the nation’s total shoreline and about eight
percent of the critically eroding shoreline. Over this period of time, the projects have changed from
primarily hardened structures (groins, breakwaters, seawalls, etc.) to soft structures (sand fills) and
from primarily beach erosion contro! projects with an emphasis on providing for recreation demand,
to storm damage reduction projects providing incidental recreation benefits. Of the 82 projects, 26
were specifically authorized in the late 1950s and early 1960s, but were small in scope, having an
average Federal cost at the time of construction of about $67,000 and an average length of only
about 0.6 miles. Because of the small size and lack of information on these old projects, they were
deleted from further detailed discussion in this report. In addition to the constructed projects, there
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are another 26 projects either under construction (1), authorized/awaiting initiation of construction
(10), or are in the preconstruction engineering and design phase (15). These 26 projects, if all are
constructed, will protect another 151 miles of the Nation's critically eroding coastline.
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CHAPTER 3 - RISK MANAGEMENT IN COASTAL ZONES -
OVERVIEW OF PROGRAMS

A. PHYSICAL SETTING

1. Beach Types. Shorelines of the United States cover a broad range of processes, geology,
morphology, and land usages. There are five United States coastlines; Atlantic, Gulf of Mexico,
Pacific, Great Lakes, and the Arctic. Although the processes of waves, water levels, tides, currents,
and winds affect the coasts, they vary in intensity and relative significance. Variations in sediment
supply and local geological setting result in coastal diversity. The common image of a long, straight,
fine-sand "beach" with a gently-sloping offshore and a regular surf, is not the normal shore type.
Not all "beaches" are sandy, nor are all shores dominated by wave action. Some shores are clay
bluffs or rocky headlands, while others are shallow mud flats or lush wetlands. For some shores,
tidal currents or river discharge dominate sediment transport and the shore character. Shore
materials include muds, silts, sands, gravels, cobbles, and erosion-resistant bedrock. In portions of
the United States, the coastal area is sinking and gradually becoming ocean bottom. In other areas,
new shore lands are developing or rising out of the sea.

2. Erosion Characteristics. Not all shores are in equilibrium with the present littoral system. Shores
with a character inherited from previous non-littoral processes (i.e., glacial or deltaic materials) may
experience significant rates of erosion under present conditions. Some shores exhibit short-term
seasonal or episodic event-driven cyclic patterns of erosion and accretion. Other shores demonstrate
long-term stability (balanced sediment supply and no relative sea level rise influences). Accretion
and erosion are natural responses to the processes of the shore. Shores which have been heavily
modified by man's activities usually require a continuing commitment to retain a status quo.

B. DEMOGRAPHY OF THE COASTAL ZONE

1. Population. The present rate of growth in coastal areas is the single driving force behind all of
the Federal programs that deal with risk management in that particularly populous area of extremely
small size. A 1988 national assessment by the National Oceanic and Atmospheric
Administrationf1]* confirms this increasing development trend along the Nation's shoreline.
According to the report, almost one-half of our population now lives in coastal counties. Using the
projections of the 1988 report and current information obtained from the United States Census
Bureau. coastal population is expected to grow from 80 million in 1960 to approximately 135
million people by the year 2010, an increase of almost 70 percent. While the percent of the

? Numbers in brackets "[ 1" refer to reference numbers. References for Chapter 3 are at the end of the

Chapter.
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population living in coastal counties is projected to remain constant over the nexi 20 years, it must
be recognized that the land area encompassed by these coastal counties is much smaller than that
of the non-coastal counties, resulting in a decidedly denser population.

2. Population Density. Coastal counties are those identified by either the Federal Coastal Zone
Management Program, managed by the National Oceanic and Atmospheric Administration (INOAA),
or by individual state coastal management programs[1]. This encompasses the 30 coastal states,
including the states around the Great Lakes, the District of Columbia, boroughs of census areas of
Alaska and independent cities in Virginia and Maryland. The 451 coastal counties (out of a national
total of 3,143) account for 20 percent of the Nation's total land area. If the land area of Alaska is
excluded, the coastal county land area comprises only 11 percent of the remaining national total.
In 1960, population density of the United States was 61 persons per square mile; in coastal states
it was 100 persons per square mile; and in coastal counties it was 248 persons per square mile. By
1988. population density in coastal counties reached 341 persons per square mile, more than four
times the U.S. average. Continued population growth in coastal areas portends increased crowding
of the relatively small, but densely populated, portion of the Nation[1]. Seventeen of the 20 states
with the largest statewide population increases are coastal. In Florida, which is defined as entirely
coastal. population is expected to increase by 11 million, a 230 percent change between 1560 and
201071]. The population density for this time period is shown in Table 3-1.

Table 3-1 Coastal and Non-Coastal Population and Density Change, 1960-2010

County 1960 1990 2010
Population Density Population Density Population Density
ijz::z: 80 250 112 350 135 420
Non-Coastal 101 39 138 33 165 64
Nation 181 62 250 86 300 103

While the percentage population change between 1960 and 2010 for coastal counties is not much
greater than for non-coastal counties (69% versus 63%), this is not indicative of the true nature of
the development. In coastal counties, the density of development is even greater along the shoreline
than it is for the county as a whole.

3. Building Permits. Results of this coastal area trend in increased density can be seen in
building permit activity. While the construction of single-family homes, offices, and shopping
centers 18 usually seen as a sign of healthy economic growth, the dilemma of balancing this growth
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and protecting coastal areas through sound management is increasingly becoming a national
concern. Building permit data has recently been tabulated by NOAA[2]. The report by NOAA used
data derived from the permit database of the Bureau of the Census. The database represents the
number of residential units and non-residential buildings authorized by building permits between
1970 and 1989. Across the United States, an average of 16,000 permits were issued each year
during the 20-year period. The report compiled the data for the following categories; residential
construction, commercial and industrial construction, and hotel and recreation construction. A
summary of the findings is shown in Table 3-2.

Table 3-2  Building Permits 1970-1989

Coastal States
Item
Coastal Counties Non-Coastal Counties Non-Coastal States
Housing Units 47% 36% 17%
Commercial & Industrial 40% 40% 20%
Hotel & Recreational 45% 36% 19%

While there were data limitations listed in the NOAA report, it is obvious that in every sector of
construction, activities were more intense in coastal states, and further, most of those activities were
in the narrow 11 percent of the Nation's coastal margin shoreline.

4. Impacts of Demographic Trends.

a. With population growth, has come development and a corresponding increase in
vulnerability to coastal hazards, storms and hurricanes. For example, the property-casualty
insurance industry has estimated that its insured property exposure in residential and commercial
coastal counties in the 18 Gulf and Atlantic Coast States increased 65 percent, from $1.13 trillion
to $1.86 trillion, over the period from 1980 to 1988. These figures do not include amounts for the
Pacific Coast, or near-coastal cities such as Houston and Philadelphia, that could be (and have been)
affected by coastal storms, or any uninsured property or self-insured government property. This
change is a result of increasing property values, as well as of greater numbers of properties insured.
Insurance-industry liabilities in some states have grown much faster during this period than the
coastal-state average. For example, because of Hurricane Hugo in 1989, South Carolina had an 83
percent increase in insurance claims. Many insurance companies decided to pull out of Florida
coverage after Hurricane Andrew hit Florida in 1992, and others are increasing premium rates
significantly, perhaps an indication of future trends[3].
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b. Hurricanes and severe coastal storms are among the most destructive and costly of
natural phenomena. Flooding, erosion, and wind damage caused by such storms result in many lost
lives and hundreds of millions of dollars of property damage every year. The Atlantic and Gulf
coasts of the United States are especially vulnerable to hurricanes. Since 1871, roughly 250
hurricanes of varying intensity have struck parts of the coast between Maine and Texas. Virtually
no segment of this coast has been spared{3]. The destructive potential of a hurricane is a function
of both its intensity and the density of development in the area affected. Applied Insurance
Research, Inc., in Boston, Massachusetts, has developed estimates of total losses for major U.S.
cities if a major hurricane should strike. They estimated, for example, that a category 5 hurricane
(see Chapter 2, Table 2-1 for the "Saffir/Simpson Hurricane-Intensity Scale") could generate $43
billion (in 1993 dollars) in losses at Galveston, Texas and a category 4 hurricane could create $41
billion dollars in losses on Long Island, New York (see Table 3-3)[3]. As a point of reference, both
Hurricane Andrew when it hit south Florida in August 1992 and Hurricane Hugo which hit South
Carolina in 1989 were category 4 hurricanes.

Table 3-3 Estimated Cost of a Major Hurricane Striking
Densely Populated Areas or Major Cities

:)dffn Sxmgson Categ ory l 7 Landfall Locanon _ E51ted Totai Loss (Blilmns 0f]99g DHars)
5 Galveston, TX 43
5 New Orleans, LA 26
5 Miami, FL 53
5 Ft. Lauderdale, FL. 52
5 Hampton, VA 34
4 Ocean City, MD 20
4 Asbury Park, NJ 52
4 New York City, NY 45
4 Long Island, NY 41

¢. Even with the known dangers, Americans continue to migrate to beach areas. Recent
surveys of coastal-property owners suggest that many have a solid appreciation for the dangers and
risks of building and living in coastal areas, but see hurricanes and coastal storms as simply a
necessary part of the tradeoff for the benefits of coastal living. Box 3-1 shows the results of a
questionnaire mailed to owners of beachfront property in South Carolina heavily damaged by
Hurricane Hugo in 1989[4]. This survey shows that fully 80 percent of the respondents will continue
to live with the risks.
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Results of a Mail Survey of 132 Owners of Beachfront Property in South
Hurricane Hugo That Asked the Question:

"Now that you have experienced the effects of a Hurricane, has this had any influence on
your feelings about owning beachiront property?"

R

Carolina After

, Answ _ ‘ I Percent l
1. Yes, would not buy beachfront property again. 6
2. Yes. would like to sell my property and buy property in a safer location. 7
3. No, hurricanes are just a normal risk in beachfront areas. 39
4. No, the benefits and enjoyments of beachfront living outweigh the potential risks. 42
5. Other. 6

Even those who were devastated by such events did not generally have regrets or plan to move to
safer locations. A related obstacle is the economic advantage of beachfront locations. Owners of
beachfront property may be reluctant to relocate structures at risk until they have nearly collapsed
into the surf because the income from renting these units on the beach is substantially higher than
it would be on sites farther inland. Also, equivalent beach front property is often unavailable or too
expensive[3].

d. Since population near the coast is growing faster than other regions of the Nation, the
infrastructure needed to support that population is also rapidly expanding. This expansion results
in a corresponding decrease of valuable natural habitats as well as the imposition of other direct and
indirect adverse environmental impacts. The continued population increase in the coastal area and
its associated pressure on the limited resources of the Nation's coastal zone has, over time, resulted
in an array of Federal, state, county and municipal programs aimed at managing the associated risks.
Risks are posed to concentrated populations and related properties by the natural hazards
characteristic of coastal areas and also by development on limited coastal zone resources.

e. From an abstract social standpoint, flood damages and/or erosion do not have adverse
consequences unless they threaten something deemed to have social value (economic,
environmental, aesthetic, recreational, health or safety, etc.). There are many ways to protect
development located in coastal areas. Damages from flooding and shore erosion include loss of
beaches for recreation; ioss of waterfront land; damage to highways, residences, commercial
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development and other waterfront structures; and, loss of wetland and other habitats important to
marine and coastal life forms. Developmental pressures can aggravate the natural dynamics and
exacerbate the problem, as can an array of solutions designed to mitigate the damages. Ironically,
coastlines such as barrier islands, which can least withstand development pressure, attract strong
development interest[5].

C. FEDERAL PROGRAMS
1. General.

a. Any Federal program is the direct result of Congressional legislative activity. While
there is no single, comprehensive program that addresses the many problems of risk management
in coastal zones, there are various programs in place at each level of government and within the
private sector which are directed at the identified problems.

b. In 1930, Congress authorized the Corps, in cooperation with states and local
governments, to research and investigate problems concerning the effects of erosion and storms on
developed coastal areas. This evolved into the Federal shore protection program being covered by
this report. By comparison, other major Federal programs, relevant to risk management in coastal
zones. are of more recent origins in time. Specifically: (1) the National Flood Insurance Act of
1968. administered by the Federal Emergency Management Agency; (2) the Coastal Zone
Management Act of 1972, administered by the National Oceanic and Atmospheric Administration;
(3) the Coastal Barrier Resources Act of 1982, administered by the Department of Interior, U.S. Fish
and Wildlife Service; and, (4) in 1990, the National Coastal Geology Program, administered by the
Departiment of the Interior, U.S. Geological Survey.

c. DBrief descriptions of these programs, starting with the most recent, are provided below.
This is followed by a general discussion of: (1) the principles and practices used by the C Corps in
planning and evaluating the economic feasibility of shore protection projects; (2) policies periaining
to the Federal shore protection program; and, (3) a brief discussion of the engineering aspects of
beach fill and nourishment, as this is now the primary method of shore protection.

2. National Coastal Geology Program.

a. The National Coastal Geology Program (CGP) is a component of the U.S. Department
of the Interior, Geologic Survey's Marine and Coastal Geologic Surveys. Its purpose is to increase
the understanding of coastal problems by improving predictive capabilities required to rationally
manage and utilize the Nation's coasts. Specifically, the program's intent is to improve the ability
to predict future erosion, the fate of wetlands, the accumulation and dispersal of polluted sediments,
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and the locations of economically valuable hard minerals including sand. This program duplicates,
to some degree, the Corps’ shore protection program. Studies of physical processes, measuring and
predicting erosion, societal impact of the problems, storm frequencies, sand searches and borrow
area locations are all facets of both programs.

b. An initial research plan to address coastal issues nationwide was prepared in Fiscal Year
1990 in response to a request from the Congress. In the Committee report accompanying the Fiscal
Year 1993 Department of the Interior appropriations bill, the Congress directed the U.S. Geologic
Survey to evaluate and update the existing plan. As in the 1990 plan, information on research needs
and data gaps has been gathered from the coastal states and island territories. The updated plan
outlines a broad-based research program composed for four sub-groups; (1) Coastal Erosion, (2)
Wetlands Deterioration, (3) Coastal Pollution, and (4) Hard- Mineral Resources (such as sand
sources).

c. During Fiscal Year 1993, the CGP supported nine regional studies in ten states, with four
addressing erosion, two addressing pollution, and three addressing wetlands deterioration. In
addition, a comprehensive investigation was begun on the impact of hurricane Andrew on the barrier
islands of Louisiana. All studies are funded on a 50/50 cooperative basis with other Federal or state
agencies, and/or universities. Fundamental studies, regional studies and catastrophic event studies
are included in the program.

d. This program duplicates to a considerable degree the U.S. Department of the Army shore
protection program. Studies of physical processes, measuring and predicting erosion, societal impact
of the problems, and storm frequencies, sand searches and borrow area locations are all facets of the
Corps’ program.

3. Coastal Barrier Resources Act.

a. The Coastal Barrier Resources Act (CBRA) was passed by the Congress in 1982 (PL 97-
348). The purposes of the Act are to minimize loss of human life, wasteful expenditures of
resources, and damages to fish and wildlife resources associated with coastal barriers. The Act
established the Coastal Barrier Resources System (CBRS). The CBRS consists of 182 units on
undeveloped coastal barriers along the Atlantic and Gulf coasts (totalling 656 miles of ocean front
shoreline and encompassing 454,000 acres). The Act prohibits Federal expenditures for
construction, purchase or stabilization of projects within the protected area (including the denial of
Federal flood insurance and disaster assistance).

b. This legislation was passed because of the concerns over past and possible future damage
costs, along with environmental and public safety concerns and the realization that Federal programs
have historically encouraged and assisted development of barrier islands with resulting losses of
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natural. cultural, recreational, and other resources[6]. The program is administered by the Secretary
of the Interior through the Fish and Wildlife Service. The Act precludes Federal expenditures that
induce development on coastal barrier islands and adjacent nearshore areas. Except for maintenance
ol existing projects, no new Federal expenditures or financial assistance are allowed for the areas

within the system.

¢. Section 6 of the Act sets forth several exceptions to the general prohibitions of Federal
enditure. Exceptions to the Act are permitted if the expenditure is for non-structural projects for
eline stabilization that are designed to mimic, enhance or restore natural stabilization systems.
une 1994, the Department of the Interior clarified its position of exceptions to the Act. Sand
cannot be taken from a system unit and placed outside of that same unit. The entire project must be
within the unit and cause no damage to the unit, for exceptions under Section 6 to apply.

sh o
n Jur

d. The CBRS was expanded in 1990 under the coastal Barrier Improvement Act (PL 101-
F 6

I ie 560 units comprising 1.3 million acres and 1200 shoreline miles. In addition, under

1990 Act, the Department of Interior was directed to map all undeveloped coastal barriers along
he Pac'i c uoasl for eventual inclusion by Congress in CBRS[3].

e. Several studies have sought to evaluate the effectiveness of the CBRA at discouraging
barrier-island dev g10pmemi These studies are: (1) Godschalk, D., Impacts of the Coastal Barrier
Act: A _Pilot Study, Washington, DC: Office of Ocean and Coastal Resource

t. National Oceanic and Atmospheric Administration, 1984; (2) Godschalk, D., The
B arrier Resources Act: A New Federal Policy Tack. in: "Cities on the Beach", Platt
-.‘EAChicagc University of Chicago, 1987; (3) Jones, E., and W. Stolzenberg, Building in Coastal
rrier Resource System, Washington, DC: National Wildlife Federation, 1990; and (4) U.S.
ngress, General Accounting Office (GAO), Coastal Barriers: Development Occurring Despite
ohibition /\.Qams‘r Federal Assistance, GAO/RCED-92-115, Washington, DC: GAQ, July 1992.
These siudies suggested that the CBRA has not stopped development pressures on undeveloped
coastal barriers, although the withdrawal of Federal subsidies has had some effect on discouraging
wew development. The General Accounting Office, in its July 1992 report, noted that the
‘a~ mmud v of accessible coastal land is limited [and] populations of coastal areas are expected to
increase by tens of millions by year 2010. This population increase will further spur market
demand, providing an incentive for developers, owners, and investors to assume the risks associated
with owning and building in these storm-prone areas"[3].

-

4. Coastal Zone Management Act.

a. The Coastal Zone Management Act (CZMA) of 1972 (PL 92-583) is administered by the
oamnem of Commerce’s National Oceanic and Atmospheric Administration (NOAA) through

De
the Office of Ocean and Coastal Resource Management. The Act declares a National interest in the
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effective management of the coastal zone; and that primary responsibility rests with state and local
governments. The CZMA authorizes Federal grants to states for development and implementation
of coastal management programs for water and land resources in coastal zones. When the CZMA
was amended in 1980, goals for both flood loss reduction and protection of natural resources were
incorporated in the coastal management goals. States were required to provide for "the management
of coastal development to minimize the loss of life and property caused by improper development
in flood-prone, storm surge, geological hazard, and erosion-prone areas and in areas of subsidence
and saltwater intrusion, and by the destruction of natural protective features such as beaches, dunes,
wetlands and barrier islands." As part of the most recent reauthorization of the CZMA,, in 1990, the
states were encouraged to provide for "the study and development, in any case which the Secretary
fof Commerce] considers it to be appropriate, of plans for addressing the adverse effects upon the
coastal zone of land subsidence and of sea level rise..."[6].

b. Section 307 of the 1972 Act requires that proposed Federal activities in the coastal zone
shall require state certification that the activity complies with the states's approved coastal zone
management program. No Federal license or permit shall be granted without the state's concurrence.
The 1990 Coastal Zone Management Act Amendments clarifies that all Federal activities, whether
in or outside of the coastal zone, are subject to the consistency requirements of Section 307 of the
1972 Act. if they affect natural resources, land uses or water uses in the coastal zone.

¢. The 1990 modification to Section 309 of the 1972 CZMA also established Coastal Zone
Enhancements Grants. The purpose of this was to encourage the states to undertake improvements
to their existing coastal management programs to address one or more of eight identified objectives.
One of these objectives is "preventing or significantly reducing threats to life and destruction of
property by eliminating development and redevelopment in high-hazard areas, managing
development in other hazard areas, and anticipating and managing the effects of potential sea level
rise and Great lakes level rise." The Enhancement Grants, which are 100 percent Federally funded,
are supported by a percentage of funds appropriated for support of the basic coastal management
program|[6].

d. Since 1972, the states have had funds available through the U.S. Department of
Commerce for the development and implementation of coastal zone management programs.
Although the program is voluntary, participation has been very high. All of the coastal states now
have Federally approved plans except for Texas, Georgia, Illinois, Indiana, Minnesota, and Ohio.
Georgia and Minnesota have coastal regulatory programs, but not Federally approved coastal
management programs. Coastal management programs in California and Oregon predate the
Federally supported effort[6]. There is significant natural diversity in shore types throughout the
United States. Consequently, engineering, land use, and shoreline policy strategies have developed
regionally and are flexible to the local situation. Successful and implementable legislation
developed for general coastal application tends to be sensitive to this diversity. Each coastal state
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with a Coastal Zone Management Plan (CZMP) defines its coastal zone in a way to suit its own
particular needs, and each state has in place a set of laws and regulations designed to address the
needs of that state in controlling the uses of its coastal zone. There are significant differences
between one states CZMP and another; however, all programs must meet the procedural
requirements of the CZMA.

e. Through their coastal management programs, the states have adopted a great variety of
measures that directly or indirectly address coastal floodplains and natural resources. Some have
adopted comprehensive legislation that includes various provisions for restoration and preservation
of living resources, natural areas, floodplains, and other resources. Other examples of measures
include: beach and sand dune protection plans, ordinances, and regulations; wetland mapping and

eg atory  standards; use standards for critical areas; designation of areas for
preservation/restoration; and, site plan reviews for development in the coastal areas.

f. As shown in Table 3-4 all but two coastal states have some form of state mandated
regulatory mechanism, though not necessarily an erosion setback line, by which they prohibit or
otherwise restrict certain types of new development in designated portions of their coastal zones.
Almost all coastal states restrict construction of new structural stabilization projects, but few
specifically restrict reconstruction of shoreline protection and erosion control structures damaged
by 30 percent or more. Only about half the states have any explicit provision in their coastal zone
management programs for the relocation of structures in erosion prone areas, as distinguished from
provisions relating the National Flood Insurance Program. Direct state permitting is more common
with respect to coastal floodplains than riverine floodplains [6].

g Virtually all coastal states have public policies assuring or encouraging public access to
their respective coastal water, although not expressly related to renourishment projects funded by
the United States.

h. The CZMA has stimulated considerable coastal planning and management that may not
otherwise have occurred or would have occurred more slowly. Funding levels at the Federal level
have remained fairly constant since the early 1980s. Some states have aggressively managed and
controlled coastal development, whereas others have done little. NOAA has not as yet applied
sanctions available under Section 312 to states that do not fully implement their adopted and
approved programs|[3].
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Table 3-4 State Regulations for Coastal and Lakeshore Floodplains

State Coast Lakeshore Sand Dunes Erosion
Alaska
California S S
Connecticut S,.L S,.L
Delaware S,.L S S
Florida L S,L S,AL
Georgia S S L
Hawaii S
Illinois AS
Indiana S
Louisiana A L
Maine AS,L S,.L AS,L S
Marvland S S
Massachusetts SL SL L
Michigan AS S L+
Minnesota L
Mississippi S
New Hanmpshire L S
New Jersey S S
New York L+ L+ L+ L+
North Carolina SL S.L S.L
Ohio
Oregon L L L L
Pennsylvania L
Rhode Island S S
South Carolina N
Texas AS
Virginia S
Washington L L L
Wisconsin L
A = Rules apply only in certain areas, e.g.,lllinois and Michigan lakeshore regulations apply only to the Great Lakes
|.= Local regulations must meet state requirements

S = State directly regulates development
+= State will directly regulate if local governments do not

Source: Association of State Floodplain Managers. "State Floodplain Maragement Programs. Results of a Survey Conducted by the
Association of State Floodplain Managers for L.R. Johnson Associates," 1988.
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5. National Fiood Insurance Prooram.

a. The National Flood Insurance Program (NFIP) was authorized under the National Flood
Insurance Act, PL 90-488. This program was created by Congress in 1968 to provide Federally
backed flood insurance coverage to property owners since it was generally unavailable from private
msurance companies. The program is administered by the Federal Insurance Administration (FIA),
a unit of the Federal Emergency Management Agency (FEMA). The program was intended to
reduce future flood losses by ensuring that new development is adequately protected from flood
damages and to place a greater share of the costs of flood damages on those most at risk rather than
the taxpayers nationwide. The NFIP is based on a mutual agreement between the Federal
government and communities that have been identified as flood-prone. In administering the
program., FEMA makes flood insurance available to those communities that adopt land-use
regulations. with adequate enforcement provisions, which would reduce future flood losses. This
is accomplished through a local floodplain management ordinance that meets or exceeds the
minimum requirements of the NFIP(7). Of approximately 18,000 communities nationwide that have
been identified as flood-prone, approximately 1,800 are subject to coastal hazards produced by
storm-surge or erosion. As a condition of making flood insurance available, the NFIP requires that
a community reguiate new and substantially improved construction so that it is designed to
withstand hydrostatic, hydrodynamic and other forces produced during a flood with a 1 percent
annual probability of occurrence (i.e., the 100-year flood)[8].

b. Some criticism has been directed toward the NFIP as a primary cause of rampant
development experienced along coastlines during the past several decades. However, a 1982 repoit
by the U.S. Government Accounting Office[9] concluded that the effect of NFIP was "marginal,
added incentive" for new coastal construction and renovations. Other studies indicate that flood
insurance availability is not a significant stimulus for coastal development[10]. Factors providing
more impetus for development than insurance are the psychological value of ocean front property
owner si p; real estate investment return; rental income remuneration; Federal and state financial
assistance ’fo infrastructure emplacement, and Federal tax policies such as casualty loss deductions.
Without the NFIP, coastal development would occur regardless, but much of it without the
mitigating aspects of prudent coastal construction standards. The other important, but often
overlooked. purpose of flood insurance is to help defray the cost of repairing flood-damaged
buildings. rather than complete reliance on disaster relief funds and Federal income tax deductions
for uninsured property losses. New and substantially improved construction in coastal flood-hazard
areas is rated actuarially, based on flood risk. The actuarial rates, however, are based on flood
hazards in existence when a building is constructed, and do not consider the increase in flood risk
associated with long-term, coastal erosion[8].

¢. Inthe recent 2nd Session of the 103rd Congress, lawmakers did not vote on legislation
that gredually would have increased premiums and denied coverage to new construction in the 30-
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year erosion zone, the most vulnerable part of the United States coastline. Instead, the lawmakers
approved a measure requiring a two-year study to map erosion rates along selected coastlines. The
bill would also require the government to take action against lenders who provide mortgages in
flood-prone areas without requiring flood insurance coverage[11].

6. Corps of Engineers Shore Protection Program. The U.S. Army Corps of Engineers has been
given a very different mission by the Congress, i.e., It is authorized to plan, design and construct
shore protection projects. The Corps is also authorized to perform basic research in coastal
engineering and is the preeminent coastal organization, public or private, in the United States. The
Corps’ shore protection program is limited to densely developed coastal areas and is directed at
producing gains in economic efficiencies through hazard mitigation, and to establish project
protection lines which preclude any future seaward advance of coastal development. Details of this
program, as it addresses risk management, are given in the following paragraphs of this chapter.

7.Summary of Federal Programs . In summary, the Federal programs described above address risk
management in terms of natural resources and development in the following manner:

a. The National Coastal Geology Program, by improving predictive capabilities and
understanding of large-scale coastal erosion problems;

b. The Coastal Barrier Resources Act, by economic disincentives to development for the
purpose of preserving the natural characteristics of coastal barrier units and preventing or reducing
the risk of development in the high hazard coastal zone;

¢. The Coastal Zone Management Act, by encouraging state and local regulatory constraints
to attain an appropriate balance in coastal resource uses and to minimize coastal hazards exposure
to developments (e.g., set-back lines);

d. The National Flood Insurance Program, by economic (insurance premiums) incentive
approach to foster adoption of state and/or community building codes and set-backs in the interest
of hazards mitigation; and,

e. The Corps of Engineers Shore Protection Program, by research, design, and construction
of economically and environmentally sound projects.

8. The Tax Code.

a. Only briefly mentioned in the above Federal Programs affecting beach front development
is the matrix of Federal, state and local taxes. Taxes can and have been used to encourage and
discourage construction in flood-prone areas. As noted by the U.S. Department of Treasury in 1984,
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"The United States income tax is not used simply to raise revenue. Instead it is used to subsidize
a long list of economic activities through exclusions from income subject to tax, adjustment to
income, business deductions unrelated to actual expenses, deferral of tax liability, deductions of
personal consumption expenditures, tax credits and preferential tax rates” [6].

b. The Tax Reform act of 1986 made major changes in the tax code. These changes were
in large part designed to reduce the code's interference with economic decisions made by individuals
and businesses. Still, several major coastal-development subsidies are available in the U.S. Tax
Code. It must be noted, however, that similar tax code “subsidies” apply to all property no matter
where it is located. Everyone who has uninsured damages benefits, e.g., wind, earthquake, rainfall,
tornado, etc. Within certain limits, the casualty-loss deduction allows coastal property owners {o
deduct the cost of uninsured damages resulting from hurricanes and other natural disasters, Other
Federal tax subsidies include interest and property-tax deductions for second homes (which
comprise much of coastal development) and accelerated depreciation for seasonal rental
properties[3]. An article titled "Rentals by the Sea" in the J uly 30, 1994 Washington Post, outlined
the importance of taxes on oceanfront rental property and stated that taxes are a key part of any
purchase.

¢. Many state, county and municipal governments base their tax codes on the Federal tax
code (as well as developing some of their own) and, accordingly, increase development incentives.
The total impact of taxes on encouraging development in the coastal area is unknown and estimates
of their aggregate cost are hard 1o assess. There is little doubt, however, that the extent of implicit
public subsidy is substantial[3].

B. AN OVERVIEW OF PLANNING AND ECONOMIC EVALUATION
PRINCIPLES AND PRACTICES THAT GUIDE THE U.S. ARMY CORPS OF
ENGINEERS

1. Introduction.

a. The Corps has a number of programs, derived from various Congressional authorities,
to undertake a wide variety of studies and provide other services in the interest of developing and
managing certain of the Nation's water resources. Planning programs and studies include those
funded in the General Investigations Program part of the Corps budget and the Continuing
Authorities Program.

b. Studies for project authorization are undertaken in response to either a study-specific
authority or a standing authority. Study-specific authorizations may be a resolution from either the
House or Senate Committee on Public Works and Transportation, or included in a public law.
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Standing authorities provide the Secretary of the Army, acting through the Chief of Engineers
authority to plan, design and construct certain types of water resources projects without specific
Congressional authority. Six legislative authorities make up this standing authority, more commonly
known as the Continuing Authorities Program (see Chapter 2, Paragraph E.). Studies undertaken
in response to these authorities are now conducted in two phases in accordance with the provisions
of the Water Resources Development Act of 1986 (WRDA '86). This process encourages significant
non-Federal participation in studies, thus concentrating limited Federal funds on studies which will
lead to implementation projects with strong Federal support. The first study phase is the
reconnaissance phase. This phase is conducted at full Federal expense and is limited to 18 months
in length. The objective of reconnaissance studies is to enable the Corps to determine whether or not
planning to develop a project should proceed to the more detailed feasibility study phase. Feasibility
studies are conducted to investigate and recommend solutions to water resources problems.
Feasibility studies are cost shared 50/50 with a non-Federal study sponsor.

c¢. The process that has evolved on a Federal level to assist in formulating and evaluating
water resource projects is the National Economic Development objective, or NED. The underlying
fundamental economic problem is that we cannot do everything. The NED principle is a policy
developed to guide Federal water resource planners in their choice of problem solutions. Choice is
the fundamental business of economics. Because all resources are scarce, we are forced to make
choices when they are used. Choose more of one thing and you simultaneously are choosing less
of another. The process of developing a plan for the use of a water resource is an exercise in dealing
with the fundamental economic problem of scarcity. The NED principle ensures that a project will
be constructed only if the project outputs - the benefits to the Nation from the use of the resource -
exceed the cost of using it.

d. Widespread use of the benefit-cost analysis as a test of a project’s economic worth is
generally considered to have grown out of the Flood Control Act of 1936. In this Act, Congress
required that the U.S. Army Corps of Engineers recommend a project only "if the benefits to
whomsoever they may accrue are in excess of the estimated costs, and if the lives and social security
of people are not otherwise adversely affected.”

e. If there is an economically justified project, decisions on whether and to what extent
there should be Federal participation are guided by a concept of the Federal interest that has evolved
from legislation, from precedent in project authorization and construction, and from budget
priorities. Federal participation must be otherwise warranted. Federal participation is limited in
circumstances where there are special and local benefits which accrue to a limited number of
identifiable beneficiaries. The Federal government does not participate in facilities which produce
outputs incidental to basic project purposes. Federal funds are not budgeted for a project unless a
significant proportion of the project outputs have a high budget priority.
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a. The principle guidelines for planning by Federal agencies involved in water resource
leveiopment are governed by the March 10, 1983, Water Resources Council's Economic and
cnvironmental Principles and Guidelines for Water and Related Land Resources Implementation
Studies, better known as "The Principles and Guidelines" (P&G). Although each project and project
>:ting presents unique problems and opportunities, the Corps applies a consistent set of decision
iterla 10 participation in project planning and construction. The P&G states that "the Federal
objective of water and related land resources project planning is to contribute to national economic
development consistent with protecting the Nation's environment, pursuant to national
ironmental statutes, applicable executive orders, and other Federal planning requirements.” In
cther words, economic benefits to the Nation must exceed project costs, without unnecessary

o o~

sacriiice of environmental resources.

b. The Corps complies with all environmental laws and Executive Orders. The Corps
ully cousiders and seeks to balance the environmental and development needs of the Nation in
il compliance with the National Environmental Policy Act of 1969 (NEPA) and other authorities
provided by Congress and the Executive Branch. Alternative means of meeting competing demands

enerated by human water resources needs are identified and their environmental values examined

fully. along with the economic, engineering and social factors. Those significant adverse impacts
that cannot be avoided are mitigated as required by Subsection 906(d) of the WRDA '86. This
ubsection requires the Secretary of the Army to include in reports submitted to Congress for
uihorization of construction, a specific plan to mitigate fish and wildlife losses or a determination
thet the project will not have a significant adverse impact on fish and wildlife resources.

c. Participation in shore protection projects is limited to beach restoration and protection,

- oeach creation or improvement, unless such improvement is needed for engineering purposes.
term "restoration” was substituted for "improvement” in the amendment of July 28, 1956 (P.L.
- 84th Congress) so that the basis for Federal concern became "restoration and protection” as
posed to creation of new lands. Accordingly, Federal participation in restoration is limited to the
histeric shoreline. 1t does not provide for Federal cost sharing in extending a beach beyond its

historic shoreline unless required for protection of upland areas.

3. Planning Process.

a. Svstems Approach. The Federal planning process is a systems approach and consists of
o series of steps divected toward formulation of an array of alternative plans. The plans each
address. in some measure, the water and related land resources problems and opportunities, and
respond to the state and county and municipal concerns. The key to the systems approach is that
erosion and storm damage problems do not stop at political or municipal boundaries, but rather have
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natural or physical limits. The physical boundaries of the problem area are first described. These
limits are selected in relation to natural physical processes in combination with geophysical
characteristics. The study area is often divided into adjacent reaches bounded by natural or
manmade inlets, which serve to substantially interrupt or limit the continuity of natural longshore
littoral processes. The reaches are selected so that within a given reach, or littoral cell, similar
natural processes occur such as wave energy, geotechnical properties, littoral transport and
associated beach/inlet processes. Using this approach, alternative plans can be developed and
impacts considered within a systems context. The ultimate goal is to optimize the combined
effectiveness and economic efficiency of the shore protection, navigation maintenance and dredged
material disposal and other activities in each reach and adjoining reaches.

b. Six Planning Steps. The Federal planning process consists of the following six major

steps:

(1). Specify Problems and Opportunities. The problems and opportunities statements
should be framed in terms of the Federal objective as well as identifying commensurate state and
local objectives. The statements should be constructed to encourage a wide range of alternative
solutions with identifiable levels of achievement. Statements should encompass current as well as
future conditions and the planner should be cognizant that initial expressions of problems and
opportunities may be modified during the study evolution.

(2). Inventory and Forecast of Conditions Without a Plan. The inventory and forecast step
quantifies and qualifies the planning area resources important to the identified water resources
problems and opportunities, now and in the future, in the absence of a plan. This step is a statement
of the without-project condition.

(3). Formulate Alternative Plans. Alternative plans are to be formulated in a systematic
manner during the entire study process to ensure that all reasonable alternative solutions are
evaluated. Usually, a number of alternative plans are identified early in the planning process and
are refined in subsequent iterations. However, additional alternative plans may be introduced at any
time. A plan that reasonably maximizes net national economic development (NED) beneiits,
consistent with protecting the nation's environment, is to be identified as the NED Plan. Other plans
which reduce net NED benefits in order to further address other Federzi, state, local and
international concerns should also be formulated.

(4). Evaluate Effects.

(a). Four accounts are established to simplify the evaluation and display effects of
alternative plans. These four accounts encompass all significant effects of a plan on the human
environment as required by NEPA. They also encompass social well-being as required by Section
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122 of the 1970 Flood Control Act. The NED account is the only required account. Other
information that will have a material bearing on the decision-making process is included in the other
accounts listed below:

((1)). The national economic development (NED) account displays changes in the
economic value of the national output of goods and services;

((2)).  The environmental quality (EQ) account displays non-monetary effects on
ecological. cultural, and aesthetic resources:

((3)). The regional economic development (RED) account registers changes in regional
cconomic activity. Evaluation or regional effects are to be carried out using nationally consistent
projections of income, employment, output, and population; and,

((4)). The other social effects (OSE) account registers pian effects from perspectives that
are relevant to the planning process, but are not reflected in the other three accounts.

(b). Display of the NED account is required; appraisal is applicable only to EQ, RED,
and OSE evaluations. Planners shall also identify areas of risk and uncertainty in their analyses and
describe them clearly, so that decisions can be made with knowledge of the degree of the reliability
of the estimated benefits and cost and effectiveness of alternative plans.

(¢c). The cost of mitigation measures is developed along with other costs of alternative
pian features. Monetary values are to be expressed in average annual equivalents by appropriate
discounting and annualizing techniques using the applicable water resource discount rate. The same
period of analysis is used for all alternative plans, which for most studies, is selected to be 50 years.
“The period of analysis does not include the implementation or construction period. All benefits and
costs are expressed as of the beginning of the period of analysis.

(5). Compare Alternative Plans. Plan comparison focuses on the differences among the
aliernative plans determined in the evaluate effects step. Monetary and non-monetary effects should
be comparably represented in narrative or display.

(6). Plan Selection. A plan that reasonably maximizes net NED benefits, consistent with
the Federal objective, is the goal of the Federal plan formulation and analysis process. This plan

will be identified as the NED plan. The NED plan is formulated and compared using the following
ciiteria;

(a). Completeness. The extent to which a given project proposal provides and accounts
for all necessary investments or other actions to ensure the realization of storm damage reduction;
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(b). Effectiveness. The extent to which a given project proposal contributes to a solution
to the shoreline erosion and storm damage problems and achieves protection from storm damages;

(c). Efficiency. The extent to which a given project proposal is the most cost effective
means of providing storm damage protection, consistent with protecting the Nation's environment;
and,

(d). Acceptability. The viability of a given project proposal and its acceptance by the
non-Federal project sponsor, the state, county and municipal entities and the public, and

compatibility with existing laws, regulations, and public policies.

4. Coastal Evaluation Principles.

a. The Corps has a long history of planning coastal protection measures as well as other
types of water resources development projects. By providing protection against coastal hazards,
gains in economic efficiency can be achieved that result in an increase in the national output of
goods and services. There are also additional regional and local economic gains that result from the
transfer of economic activity from some other location(s). A comprehensive guide for calculating
NED benefits primarily for storm damage reduction and shore protection projects is contained in
[WR Report 91-R-6 National Economic Development Procedures Manual - Coastal Storm Damage
and Erosion, U.S. Army Corps of Engineers, Institute for Water Resources, September 1991.

b. Adaptive responses to the hazards of storm-tides and waves can be classified into four
approaches or options:

(1). Hard engineering structures -- bulkheads, groin fields, seawalls, revetments, and
breakwaters;

(2). Soft engineering options -- beach nourishment and dune stabilization;

(3). Non-Structural/Management options -- set-back requirements, building codes and land
use controls; and,

(4). No Action or Passive options -- no systematic response, whereby all attempts to protect
against hazards are made on an individual basis.

c. Coastal protection projects, like all investments, involve an outlay of capital at some
point in time in order to gain predicted benefits in the future. In addition, certain types of projects,
particularly beach fill and periodic nourishment projects, require a commitment to substantial future
spending to sustain the projects and continue to gain the related benefits. In 1956, Congress defined
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periodic nourishment as construction for the protection of shores when it is the most suitable and
cconomical remedial measure. One advantage to soft engineering options, such as beach fill, is that
they do not represent an irrevocable commitment of funds, They can be discontinued at any future
point in time, eventually allowing a return to the pre-project condition, without further expenditures.

d. In all evaluations, the aspect of future costs and benefits requires that the current and
future dollar costs and benefits be compared in a common unit of measurement. This is typically
accomplished by comparing their present values or the average annual equivalent of their present
values. Therefore, the discount or interest rate used to determine the present values influences the
relative economic feasibility of alternative project types. Since high discount rates reduce the
influence of future benefits and costs on present values, high interest rates generally favor the
selection of projects with low first costs but relatively high planned future expenditures over those
with high first costs but low future cost requirements. This factor, among other important
considerations, tends to favor the wide use of beach fills, dunes, and accompanying renourishment
relative to an extensive use of hard structural shore protection measures.

¢. One standard for identifying and measuring the economic benefits from investments in

‘ater resources project such as shore protection, is each individual's willingness to pay for that
project. For coastal projects, this value can be generated by a reduction in the cost to a current land-
activity or the increase in net income possible at a given site. A project generates these values
reducing the risk of storm damage to coastal development. Conceptually, the risk from storms
be viewed as incurring a cost to development, i.e., capital investment, at hazardous locations.
Thus. the cost per unit of capital invested at risky locations is higher than at lesser risk locations,

f. Economic theory predicts that the risk of storm damage and/or progressive long-term
erosion, at a given location, results in less intensive development and lower values as compared with
development and land values at otherwise equivalent but risk-free locations. The risk component of
the marginal cost of capital is composed of the expected value of the per unit storm and erosion
damages plus a premium for accepting the existing risk. This risk premium results from the attitudes
ov preferences of the individual decision-maker toward risk. If the individual is averse to risk-
aking. the risk premium is positive, indicating that capital must earn a return not only to cover
expected storm damages but also to compensate the investor for taking the risk.

-t
o
plasay

5. Natura!l Sources of Risk and Uncertainty.

a. Storms and severe erosive processes damage coastal property in several ways. In addition
to direct wind-related damage, which is ignored for purposes of this discussion, a storm typically
produces an elevated water surface or surge above the normal astronomical tide level. This storm-
driven surge is often sufficient, even without the effects of waves, to be life-threatening and/or to
cause substantial inundation damages to property.
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b. In addition to the surge, coastal storms generate large waves. Properties subject to direct
wave attack usually suffer extensive structural and content damages as well as foundation scouring
which can totally destroy structures. Storms also produce at least temporary physical changes at the
land-water boundary by eroding the natural beach and dune that serve to buffer and protect
shorefront property from the effects of storms. Increased wave energy during storms erodes the
beach and carries the sand offshore. At the same time, the storm surge pushes the zone of direct
wave attack higher up the beach and can subject dunes and, in turn, upland structures to direct wave
action.

c. It is obvious that many components of coastal project evaluation are stochastic, so that
the evaluation can be computationally complicated. For example, the damages from storms are
dependent on characteristics which must be described in probabilistic terms, such as storm intensity,
duration. wind direction, the elevations of the normal tide levels during the course of a storm surge,
and the position and state of the beach and dunes prior to the storm event. Since these
characteristics influence the storm surge levels, wave intensities and the degree of pre-storm
exposure of developments, these factors, in terms of storm damage potential, are also stochastic.

6. Frameworks for Deterministic and Risk-Based Evaluations.

2. The first step in a project feasibility evaluation is to assess the baseline conditions, ie.,
the conditions that would likely exist if a project was never implemented to address the existing
problems in a systematic fashion. In the deterministic approach, which is currently the basic
approach used by the Corps, a single forecast defines physical, developmental, cultural,
environmental and other changes expected to occur under the baseline or "without-project”
condition. These changes are considered to occur with certainty in the absence of any systematic
adaptive measure of the type being considered as a project. This approach does allow, however, for
individual property owners to respond to storm and erosion threats by constructing protective
measures or by abandoning property. It also takes into account other systematic measures that are
in place or expected to be instituted such as existing state, county or municipal protective measures,
evolving building codes and changing land-use controls.

b. The development of the "without-project” condition requires assumptions to determine
when responses of various types will occur over time. In a risk-based approach to evaluations,
which the Corps is in various stages of development for water resources project studies, the
relatively simple definition of the "without-project” condition used in the deterministic
methodology, is being gradually modified to incorporate uncertainties about such factors as storm
frequencies, the distribution of wave heights and the extent of geomorphic changes and property
losses produced by storms and waves.
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¢. The final component for both the deterministic and risk-analysis techniques, incorporated
within the benefit evaluation framework for shore protection as specified by the P&G, is to compare
the future economic development and land values if the project is implemented with the baseline
values. Without a public coastal protection project, property owners are presumed to repair
structural losses, with the damages from storms assumed to be capitalized into the value of the land.
In addition, property owners are assumed to construct individual protective structures when the costs
are less than the value of the preserved property and the avoided expected damages to
improvements. Under the "with-project” condition, landowners realize increases in economic rental
values of land at protected locations. This rental value increase is typically considered to be
equivalent to the annualized expected present value of avoided property losses with the project or
the avoided costs of individual protective structures.

d. Implicitly in the deterministic approach and explicitly in a risk-based analysis, the time
stream of the "with-project” benefits relative to the "without-project” condition will reflect the
stochastic nature of storm events. An important consideration in this respect, particularly with
regard to the "without-project” condition, stems from the chronological order of storms and
damages. A large storm may result in damages that are so extensive that the destroyed or severely
damaged buildings are not or cannot be rebuilt. Therefore, succeeding storms will inflict smaller
losses if preceded by large storms.

¢. The increase in rental value of land is location-based, resulting from a reduction in the
external costs imposed by storms. The increase represents a NED benefit, as required under the
P&G by whatever method of analysis. It is this type of economic benefit that is compared to project
costs to determine the economic feasibility of any proposed Federal project.

f. Benefits produced by a project depend on the project’s type, scale, and storm parameters.
Even if two alternative projects constructed side by side experience the same storm, benefits will
ditfer, depending on the magnitude of residual losses if the storm exceeds the alternatives’ design
dimensions. As an example, a sea-wall normally will fail catastrophically, leaving almost no
residual protection after failure. A beach fill, even when inundated during a storm, still provides
significant residual protection. Another significant factor is that in the coastal process, the wide
range of storm parameters (wind direction, wind velocity, storm surge, storm duration, etc.) results
in multiple storm damage mechanisms.

g In addition to NED benefits, a second major consideration in applying benefit-cost
analysis in choosing a particular type and size project is the stream of future project costs. The
appropriate costs used in the analysis should provide a measure of all the opportunity costs incurred
to produce the project outputs. These NED costs may differ from the expenses of constructing and
maintaining the project. For coastal protection projects, expenses would include the {irst costs of
project construction, any periodic nourishment and maintenance costs, and future rehabilitation
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costs. Further, the project may incur environmental or other non-market costs whose monetary
value can be imputed.

h. In effect, the determination of project costs involves a systems analysis which also
includes areas geographically outside, but within the influence, of a project. For coastal projects,
the adjoining areas are usually referred to as "updrift" and "downdrift" coasts to indicate the net
direction of movement of littoral material, i.e., from up-coast to down-coast. A project may
influence the adjoining area in negative and/or positive ways. The "downdrift" coast is particularly
vulnerable to negative impacts, since any disruption of the natural movement of littoral material,
induced by a shore protection project, is likely to be manifested in erosion or increased erosion
along the downdrift coast, with an attendant cost in property damages. This, for example, is a
situation which is commonly associated with the improper use of groin fields and breakwaters.
Conversely, placement of beach fill along a project site often results in beneficial "nourishment”
effects to the adjoining shorelines, especially the "downdrift" coast.

i, Where adverse conditions can be identified, the associated costs of damage, or the
addition of mitigation features, to the project are determined and included in the project's economic
analysis. On the other hand, beneficial effects outside the project area can be substantial. Congress
recognized this when it authorized Federal participation in the periodic nourishment of a project.
Benefits to shores beyond project limits, if trivial in amount, may be omitted from cost sharing
considerations. If these benefits are significant (i.e., required for project justification) they should
be included in cost sharing considerations.

j.  The nature of future costs depends on the type of project. For instance, a structural type
of project, e.g., a stone revetment, typically has high first costs and high future rehabilitation costs
but low future maintenance costs. On the other hand, when compared to a hard structure project,
a beach fill type project is composed of relatively low first costs, but larger recurring future
maintenance costs (periodic nourishment).

k. Each of the time streams of costs must be converted into present-value terms using the
prevailing Federal water resource discount rate. Note that the stream of future costs for both types
of projects (low and high future cost types), should to the extent possible, be defined in probabilistic
terms. since the realized amount and timing of all future expenditures depends on the number and
severity of storms experienced at the project site in the future. Thus, in the ideal case analysis, the
expected future cost stream would be based on the estimated probability density function for storm
events and the attendant effects on the specific type of project being evaluated. At present, it is not
possible to conduct an ideal probabilistically based analysis in all cases due to lack of data as well
as deficiencies in the present state of knowledge of coastal wave processes and interrelated
phenomena. For example, while the short-term response of a beach fill to extreme events can be
treated probabilistically, the evolution of a beach fill, say to long-term erosive processes, can only
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be treated deterministically at this point in time. Therefore, reconstruction of dunes to repair
damages from storm effects can often be computed on the basis of probabilistic analysis, while long-
term beach nourishment needs are almost always based on an estimated average annual amount of
long-term erosion derived from recorded changes of shoreline positions and/or beach profile volume
changes.

I Once the alternative formulated plans are evaluated in economic terms, the expecied net
benefits can be calculated. Following the project selection criteria in the P&G, the recommended
type and scale of plan should be the one that reasonably maximizes net NED benefits. Thisisa key
conceptual point in both the deterministic and risk analysis evaluation methodologies. Both methods
apply the net benefits decision rule for selecting the economically optimal project. However, ths
risk analysis approach has the advantage of determining the damages prevented by a particular
project and the level of residual risk simultaneously. By varying the scale of each type of project
in arisk analysis, a benefit function can be derived for the respective projects. Deviations from the
NED plan can be recommended to incorporate risk and uncertainty considerations in addition to the
explicit risk analysis used in the economic evaluation. These could involve considerations for
human health and safety or non-monetized environmental values.

7. Summary of The Planning Process. The planning process used by the Corps is systematic,
and consists of six major steps: (1) identifying problems and opportunities, and developing
objectives: (2) establishing the base condition; (3) formulating plans; (4) evaluating their effects;
(5) comparing them; and, (6) recommending the best plan to alleviate problems and realize
opportunities. This systematic approach is dynamic and iterative and enables the public and
decision makers to be involved and fully aware of the rationale employed throughout the planning
process. This process is the same, whether it is a flood damage reduction project, navigation project,
shoreline protection project, etc. While there are different rules, criteria and perspectives on how
to account for damages, benefits, and costs, the principles of evaluation are the same and all project
formulations follow the P&G.

E.  SUMMARY OF U.S. ARMY CORPS OF ENGINEER
POLICIES
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1. General. Shore protection programs of the Corps have been used to provide Federal assisiance
in reducing damages to shorefront development and coastal resources from storm damages,
hurricane and abnormal tidal and lake flooding, and shore erosion by undertaking shore protection
projects. Prior to WRDA '86, projects were formulated for hurricane protection, beach erosion
control, and recreation. The enactment of WRDA '86 established hurricane and storm damage
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reduction (HSDR) and recreation as the basis for Federal participation, and the only two purposes
for which Federal shore protection projects could be formulated.

2. Hurricane and Storm Damage Reduction. Prior to enactment of WRDA '86, Federal projects for
hurricane and abnormal tidal flooding were established case-by-case, based on specific
Congressional authorizations. The Federal share of hurricane projects was limited to a maximum
of 70 percent. The enactment of WRDA '86 legislated a Federal cost share of 65 percent for HSDR.

3. Beach Erosion Control. Historically, shore protection legislation was directed to the prevention
and control of beach erosion. Federal participation in beach erosion control measures was based on
shore ownership, use, and type and incidence of benefits. Public use or benefit was a prerequisite
for Federal participation, and the maximum Federal share was 50 percent of project costs, except
for special park and conservation areas where the Federal share could be a maximum of 70 percent.
The enactment of WRDA '86 discontinued beach erosion control as a project purpose. All
reductions in damages, whether from inundation, wave attack, or erosion, are now classified as
HSDR benefits, and the costs of protective measures are cost shared in accord with the HSDR
purpose (65% Federal, 35% non-Federal maximum).

4. Recreation. Prior to enactment of WRDA '86, for many projects, the recreation purpose provided
a majority of project benefits. During the mid-1980s, Department of Army budgetary policy placed
a lower priority on projects considered to be primarily recreation. This policy resulted in an
increased emphasis on formulating projects for damage prevention, with less focus on recreation.
Although the WRDA '86 identifies recreation as an acceptable project purpose along with HSDR,
the Department of Army has continued its HSDR only policy due to continuing Federal Budget
deficits. Additional beach fill over that required for the project formulated for HSDR, to satisfy
recreation demand, is a separable recreation feature which is not supported for Federal participation
under current Department of Army budgetary policy. This policy is intended to focus Federal funds
on the objective of reducing damages to coastal facilities. However, it does not preclude the use of
recreation benefits in the economic analysis. Projects formulated for HSDR may produce substantial
recreation benefits, and these are valid national economic development benefits that can be used for
economic justification. However, the extent to which recreation benefits can provide for economic
justification, is limited by current Department of Army budgetary policy. If over one-half of the
benefits needed for economic justification are recreation, a project is considered to be "primarily
recreation”, and will not be accorded budget priority. This "threshold" test is not a limitation on the
total recreation benefits which can be claimed. For example, a project with annual benefits of 50
for HSDR and 150 for recreation and with an annual cost of 100, has a benefit-cost-ratio of 2.00,
would receive a budget priority because the recreation benefits needed to produce a benefit-cost-
ratio of unity (1.00) are not above the 50 percent threshold.
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5. Periodic Nourishment. Placement of beach fill at suitable intervals of time is considered
"construction” for funding and cost sharing purposes when it is a more suitable and economical
method of shore protection than retaining structures such as groins, seawalls, etc., in accord with
Public Law 84-825.

6. Impact of Shore Ownership and Use on Cost Sharing. Although the basic cost sharing formula
for HSDR projects is 65 percent Federal and 35 percent non-Federal, adjustments are made based
on shore ownership and use. The WRDA '86 specifies that all costs for benefits to privately owned
shores (where use of such shores is limited to private interests) or to protection of losses of
undeveloped private lands shall be borne by non-Federal interests, and that all costs assigned to the
protection of Federally owned shores shall be borne by the United States. The costs to protect
Federal lands are normally borne by the agency which owns the land. Thus, Federal participation
in the protection of private undeveloped shores is precluded by statute, and Federal participation in
the protection of developed private shore is possible only where there is public use of the
constructed project. Public use is defined as open for recreational use by all on equal terms
regardless of origin or home area. Lack of sufficient parking for the general public located
reasonably near and accessible to the shore protection project and lack of pedestrian right-of-way
to the shore at suitable intervals would constitute de facto restriction on public use, thereby
precluding Federal participation. Costs assigned to the protection of non-Federal public shores used
for park and recreation purposes are normally shared 50 percent Federal and 50 percent non-Federal.

/. Other Non-Federal Responsibilities. The WRDA '86 assigns non-Federal interests the
responsibility for all lands, easements, rights-of-way, relocations, and dredged material disposal
areas required for shore protection projects. The project sponsor receives credit for the value of
these contributions against the 35 percent non-Federal cost share. Non-Federal interests are also
responsible for 100 percent of the costs of operation, maintenance, repair, replacement and
rehabilitation (OMRRR),

6. Use ot Public Law 84-99 Funds for Restoration of Shore Protection Projects. Public Law 84-99
provides authority for the repair or restoration of completed Federal shore protection structures
damaged or destroyed by wind, wave, or water action of other than an ordinary nature when the
Chief of Engineers determines such repair and restoration is warranted for the adequate functioning
of'the structure for shore protection. Public Law 84-99 funds are used only at projects which have
been completed and turned over to local interests for OMRRR. Funding of beach fill projects
eligible for restoration under PL 84-99 is limited to projects where the risk to life and property
require immediate action.
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F. LEVEL OF PROTECTION

1. Introduction. One of the most misunderstood concepts regarding flood damage reduction and
shore protection projects is the concept of "level of protection”. This term is generally accepted by
the public because of the longstanding usage by the Corps and other water resource agencies for
flood damage reduction projects, and because it is a simple way of describing a flood event.
However, the use of a specified level of protection for shore protection is extremely difficult to
estimate since recurrence intervals are assigned to each measurable characteristic of a storm. Where
a level of protection is estimated for the design project, it is misleading and does not represent a
particular storm event. The problem is compounded when it is viewed as a "true" value and treated
by some as if it were perfectly accurate. The Corps develops best estimates of key variables, factors,
parameters, and data components in the planning and design of projects, and these estimates for
shore protection projects are particularly challenging because of the variable characteristics which
describe design storms and alternative protective structures. For example, some of the major
differences between shore protection and riverine flooding are summarized in the following
paragraphs.

a. Cause of Flooding. Although not a prerequisite to coastal flooding, ocean effects eroding
the natural protection of dunes, beach or barrier islands over a period of months or years may
increase the susceptibility of a shoreline to flooding or increase the severity of flooding from a given
storm event. The cause of coastal flooding is often related to ocean water being driven overland by
the force of wind, waves, and high tides. Rainfall, however, may also have a major impact on
coastal flooding when conventional drainage or storm water systems are blocked by storm surge.
Rainwater ponds during the storm duration and releases slowly as the storm surge drops. Flood
damages in riverine environments are normally caused by precipitation and snowmelt which result
in high flows in channels of insufficient capacity. Natural protection (i.e., channel capacity) is
usually assumed to remain relatively constant over the period of analysis.

b. Storm Velocity. In riverine flooding, the velocity of the storm is related to the movement
of water and is determined by stream gradient, flood plain characteristics, natural storage and the
volume of water. On the other hand, coastal storm velocity is primarily determined by a
combination of wind and tidal action. While either can have devastating effects, high winds by
themselves often cause catastrophic property damage not related in any respect to flood waters. The
"Saffir/Simpson" hurricane scale (see Chapter 2, Table 2-1), which combines wind speed and tidal
surge, is the accepted gauge to determine the destructive potential of a coastal storm.

c. Flood Predictability. In most coastal areas, erosion and storm damage records are less

frequently available and less reliable than those for stream flow. The nature of hurricanes is such
that these storms can promote uncertainties in terms of location of landfall, maximum winds, and
maximum surge flood heights. Northeasters are typically broad in their area of influence and follow
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eneral storm tracks that, while not predictable, can be anticipated. Riverine flooding, on the other
and, is characterized by, and displayed in, frequency curves or tables. The display indicates how
ften a given annual peak flow or stage is exceeded. The more historical information from past
fi ods available, the more certainty there is in the frequency analysis. Gathering and recording
nformation on precipitation and river levels is more institutionalized than information on coastal
storm events. Coastal events are always linked to a combination of events such as local wind-driven
waves. ocean swells, extremely high tides, and high river flows in adjacent coastal streams.
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d. Erosion Losses. In the riverine environment, erosion (usually bank erosion) is sometimes
predicted as a function of flow, but more often is a result of repeated cycles of high and low flows
over a period of years. In the coastal environment, beach profiles often shift both in and out
scasonally as well as in response to storms, making annual (and seasonal) changes a "normal”
situation.

2. Past Practice.

a. Coastal storms affect all shorelines in the United States. The most famous of these are
the hurricanes and extratropical events ("northeasters™) which influence the Atlantic and Gulf
Coasts. However, winter front passages, typhoons, and "Arctic Expresses” can cause damaging
events on the Great Lakes and Pacific coasts. Storms which can cause flooding and erosion damages
to the degree that facilities are endangered are often referred to as "extremal events.”

b. Historically, coastal design criteria were based on the specification of a "design storm",
in which the path of the storm of record was altered in order to define a worst-case scenario at the
location of interest. This practice provides no information on probability-of-occurrence. For urban
coastal arcas, protection was designed for the Standard Project Hurricane (SPH) as defined by the
National Weather Service, or some other rare event, often the storm of record. The design storm was
adjusted to coincide with high tide for the project site under consideration. Long periods of record
for tidal gages were frequently not available near the area of interest and exceedance determinations
were based on best estimates. Although the approach will produce a worst-case condition for design
purposes. the event may well have a negligible probability of occurring and result in an overly
conservative design, i.e., not cost effective. Early beach fills were often designed to protect against
erosion and to provide recreation. In such cases, no claim was made for provision of coastal flood
protection. The design of berm widths were set to prevent long-term erosion and to optimize
recreation.

3. Current Practice.

a. Current practice of the Corps is to utilize a set of design storm events to evaluate the cost
effectiveness of design alternatives. These defined events are chosen to reflect realistic
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combinations of the various parameters which are descriptive of historic storm events which have
impacted the location of interest. For tropical events; the storms should define the range of
durations, maximum winds, radius of maximum winds, pressure deficits, track, etc., which have
impacted that area. For extratropical events; duration, stage hydrograph, wave heights, and wind
speeds are appropriate descriptors. Frequency relationships are then assigned to the set of storms
and/or their damages.

b. Recurrence relationships cannot be assigned directly to a storm; they are assigned to
some measurable characteristic of the storm such as maximum surge. However, in cases such as
dune recession, additional factors such as hydrograph shape or duration can measurably contribute
to storm-related damage. Because storms are characterized by these multiple properties, the design
set of events concept is the preferred approach for analysis and has been shown to be more accurate
and realistic than the single design storm method.

c. The Corps currently uses a range of approaches for developing design storm events. The
selected approach is based on project scope, availability of data, and level of resources. In the
simplest case, hypothetical or historically based surges, which reflect a limited combination of storm
parameters, are scaled to define a design set of events. Recurrence relationships are then obtained
from existing elevation-frequency curves. If frequency relationships are not available, this approach
is of limited use.

d. Inlarge scale projects, a more comprehensive design procedure involves applications of
numerical models to : (1} use historical events to define a set of storms; (2) compute storm damage
for each event; and, (3) use statistical procedures to compute damage frequency relationships and
associated error estimates. This more rigorous approach can be used to generate continuous
frequency-of-occurrence relationships for any parameter in the design evaluation process as well as
provide error band input for risk-based design criteria.

G. ENGINEERING ASPECTS OF BEACH FILL AND NOURISHMENT

1. General. An extensive body of literature and case examples exist with respect to the protective
values afforded upland developments by the presence of large natural coastal dunes and broad
frontal beaches. Because of this, as well as the inherent natural values of beaches and dunes, most
states have enacted laws (see Table 3-5) which, in various ways, regulate developmental practices
which could possibly degrade or otherwise adversely effect these natural features, where they exist.
Federal guidance on planning and design for beach fills and dune construction, as well as all other
types of shore protection measures, can be found in the Shore Protection Manual, U.S. Army Coastal

Engineering Research Center, 1984, 2 Vols., [12] and the recently released EM 1110-2-3301 dated
30 June 1994 [13].
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2. Basis of Protective Value. The scientific basis underlying the protective values of dunes and
beaches is that they are extremely efficient land features in terms of their singular or combined
capacities to dissipate and absorb wave energy. On the other hand, under the assault of storm-tides
and attendant wave action, the high performance of these features in dissipating wave energy comes
at the expense of their own erosion and degradation. However, if the sediment supply to the beach
and dune system is adequate, the system will recover from storm effects in the interim periods
between major storm events.

~

3. Natural Storm-Recovery of Beach/Dune Systems.

a. The natural process of beach recovery usually occurs in a matter of days or weeks
following a storm and often begins in the waning hours of the damaging storm. On the other hand,
the recovery or restorative process for dunes and the upper level of the beach strand takes months
and involves the reestablishment of stabilizing vegetation as well as the re-accumulation of the
sediment volume lost to erosion.

b. The sediment supply for general beach recovery is provided by the adjacent shorelines
and immediate offshore areas and is transported to the beach by post-storm wave action having
restorative hydraulic characteristics. Indeed, a large proportion of the sediment supply involved in
beach recovery comes from the pre-storm beach sediments which were displaced to the nearshore
zone during the subsequent course of storm-tide and wave attack. The supply of sediment for
natural dune development and storm recovery comes from the finer-grain fraction of both the beach
and upland areas and is transported to the dunes by wind action. As noted above, the restorative
process pertaining to natural dunes takes place over a considerably longer time span than the post-
storm recovery of the frontal beach strand.

c. The simple but fundamental portrayal of beach/dune system behavior given above
underscores the dynamic nature of these common physical features. In brief, beaches and dunes are
characterized by periodic cycles of damage and restoration, largely controlled by the regional storm-
tide and wave climatology, i.e., the occurrence frequencies and intensities of storm events.

4. Long-Term Erosion Processes.

a.  When the sediment supply to the beach is inadequate, for whatever reason, erosion of the
beach will be a persistent, rather than an intermittent, phenomenon. In that situation, the original
beach will progressively narrow in width and the frontal dunes, being increasingly exposed to more
frequent and intense wave attack, will eventually be lost to erosive processes.
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b. In a completely natural setting, an erosive condition is usually of little concern as the
beach and dune system is simply reestablished in a more landward position. Exceptions in the
natural case, as regards coastal management concerns, might arise if an erosive condition eventually
threatens some particularly valuable natural resource existing in upland or bay areas. On the other
hand, where substantial reaches of shoreline have been developed to any significant level,
progressive erosion will almost always lead to a call for protective measures if relocations of
endangered developmental features are functionally or economically infeasible, or socially
unacceptable. Such problems were often addressed by construction of groins and seawalls, and now
more recently, by placement of sand to restore the beach and dune to some previous condition.

5. Behavior of Artificial Beaches and Dunes.

a. Artificial dune and/or beach restoration measures are simply replications of the
comparable natural features and rely on the high wave-energy dissipation characteristics of such
features as the means of protecting coastal developments. By comparison to other shore protection
measures, restored beaches and dunes have the added advantage of possessing essentially the same
aesthetic and environmental qualities as their natural counterparts. Additionally, a restored beach
provides a highly valued recreational land area. Though this particular aspect of beaches is
incidental to the quality of their protective value from an engineering perspective, potential
recreational use in combination with aesthetic and environmental considerations have contributed
much in making beach restoration the method of choice for shore protection.

b. Since artificial beaches and dunes are, in most cases, placed along shoreline reaches with
a history of severe episodic and/or progressive long-term erosion, the formulation and
implementation of a beach/dune project requires a commitment to, and a plan for, a systematic sand
replenishment or "nourishment" program to account for the sediment deficit which was manifested
in the erosion history of the project site. Hence, restored beaches and dunes are recurrent-cost
intensive and should not be undertaken without the commitment and wherewithal to perform
replenishment operations as needed. Also, in this regard, it should be appreciated that the shore and
nearshore environments are characterized by large variations in the intensities of storm tides and
waves. Further, where significant erosion exists, it is almost always not a uniform process. Rather,
the condition will, more likely than not, be strongly linked to episodic storm events of varying
durations and intensities with accompanying variations in the severity of beach and dune response.

¢. Though analyses of storm-tide/wave intensities and frequencies can usually establish
reasonable values of expected return periods for these events and the associated beach/dune
nourishment demands, the actual occurrences of the events, over time periods of several years, may
be considerably more frequent than the very best analytical/statistical prediction of expected values
would indicate. The converse is also true, i.e., there may occur extended storm-free periods in which
nourishment applications are far below the expected amounts. Therefore, over periods of several
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vears, some beach and dune nourishme 1t pr ojects require more replenishment than the estimated
expected average annual amount; some require far less; and others receive more-or-less the expected
long-term average nourishment volume. On balance, however, beach and dune nourishment projects
perform well throughout the world and are usually the method of choice in shore protection as
previously noted. This is particularly true in defending long reaches of shoreline.

6. Construction of Beach/Dune Projects.

a. Beach and dune fills are most frequently constructed by hydraulic dredging methods.
Borrow areas for projects are usually submerged sources of sediments and are normally located in
estuaries, inlets or offshore areas. In this regard, there is increasing reliance on offshore sources to
insure adequate long-term supply of material, to obtain appropriate sediment quality and to avoid
destruction of valuable benthic organisms in estuaries. Material is conveyed to the beach and
immediate nearshore zone by pipeline from the dredging site, and the onshore depositions are
distributed and configured by eart! *novmﬁ equipment into a typical beach/dune profile shape. The
initial or construction tcﬂpma over-builds the dry beach sirand in order to provide sufficient
material volume to be subsequmrw spaced by wave action, to the submerged portions of the
active beach profile. In relatively rare cases, the construction operation briefly described above is
performed entirely through the use of a land source of material, road haul and earth-moving
equipment. Following material placement, the dune feature is usually stabilized by an appropriate
type of beach grass. Sand-fencing of various types can also be used for dune stabilization, but
aesthetic value is lost by comparisen to use of beach grasses.

b. In some cases. it is only necessary to develop or reinforce a dune line or a series of
parallel dune ridges to provide an adequate level of protection. These situations require an adequa{e
frontal beach width to permit the dune{s) to stand without exposure to normal surf conditions o
even minor storm-tide/wave action expected at very frequent intervals. The objective is to reserve
the dune(s) as a sacrificial defense lins for major storm events. Dunes can be constructed quickly
by direct placement of sand with hydraulic or mechanical means followed by stabilization by
vegetation or sand-fences. Alternatively, imes can pe enhrely developed over progressively longer
time periods, through use of sand-fences and vegetation, respectively. When dunes have been
developed by use of sand-fences, vegmatlon can be applied at the final stage to provide for a natural
appearance as well as added stability against the effects of wind.

c. lmprovements in Methodology

(1). The first standardized guidance on coastal structure design was produced by the Corps
of Engineers "Beach Erosion Board" in 1954 as "Shore Protection Planning and Design,” also
known as TR-4. This was the fore-runner of the "Shore Protection Manual," (SPM) which was first
published in 1973, and revised in 1973, 1977, and 1984. These documents presented the

e
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methodologies applied in the coastal structure and beach fill designs for most of the projects
presented in this report.

(2). The methodologies in TR-4 emphasized designing coastal structures for stability
against wave forces. The technology available at that time provided insufficient means to address
the functional performance of structures, nor was any guidance available for predicting the
performance or stability of a beach fill. Beach and dune design was only qualitatively addressed.
Simple linear wave theory, static terrestrial structural engineering principles, and trial-and-error
experiential data were used to develop the empirical relationships and rules-of-thumb presented in
TR-4. Beach fills of that era were typically placed as an added feature to increase the sediment
supply in the area of interest and to the reduce wave energy striking the protective structures.

(3). The SPM was a significant advancement over TR-4 in that it used the results of
physical model tests to develop principles of wave-structure interaction, advancements in wave
theory. and statistics and other data from various projects. The SPM provided significantly more
guidance in the positioning and intent of groins and breakwaters, predicting the flood control
benefits of seawalls, and predicting the stability of beach fills. The SPM and beach fill projects of
the 1970s and early 1980s were designed around the intent of beach erosion control and recreational
use. The quantity of material to be placed was computed based on the long-term recession rates and
the amount of surface area desired to support recreational needs. Guidance was presented in the
SPM to assist in predicting maintenance renourishment quantities based on the grain size of the
placed fill and its projected stability relative to the native material grain size. Neither the SPM or
the projects constructed during this time period concerned themselves with the performance of the
beach fill template during a particular storm. Beach fills were not usually designed with a primary
purpose of providing flood control benefits.

(4). The advent of numerical models, reliable field instrumentation techniques, and
improved understandings of the physical relationships which influence coastal processes, led to more
sophisticated approaches to shore protection design in the later 1980s. Numerous guidance and
analvtical tools have been developed over the last ten years to assist the coastal engineer in
predicting not only the stability of a beach fill, but also its performance during extreme events.
Cross-shore and longshore change models, hydrodynamic hindcast data bases, and stochastic
statistical approaches have been developed to provide the practicing coastal engineer with
procedures for quantifying the flood control and storm damage reduction benefits of a proposed
design. The functional interaction of beach erosion control structures (i.e., groins and breakwaters)
can be analyzed with numerical simulation. Seawalls can be designed not only for stability, but also
physically modeled to predict various elements of the wave-structure interaction including scour and
overtopping. A central guidance reference for much of this new technology is currently being
summarized by the Coastal Engineering Research Center during the development of the "Coastal
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Engineering Manual", which will supersede the SPM. The current schedule for completion of the
new manual 1s for Fiscal Year 1998.

H. PLANNING FOR CLIMATE CHANGE AND SEA LEVEL RISE

1. Potential Impacts. Long-term climate change impacts are likely to exacerbate existing problems
associated with living in the coastal zone. Sea level rise is a potential climate change impact unique
to coastal areas and one that could lead to increased flooding and erosion in areas already vulnerable
to the dynamic forces of wind, waves, currents, and tides. Climate change could also lead to more
frequent and/or severe hurricanes and other coastal storms. Scientists are less confident about this
possibility than they are about sea level rise, but even if coastal storms are unaffected by climate
change. their impact on the coast will increase as the sea rises{3]. The attitudes of most water
resource planners and managers concerning climate change and its potential adverse consequences
are, by and large, very cautious. While concern is expressed, the climate change predictions have
a high degree of uncertainty and the possible impacts are too far in the future for managers to
commit their limited resources to solving highly uncertain future problems today.

2. Department of Army Sea Level Rise Policy. Substantial progress has been made in dealing
with the highly variable existing hazards and problems similar to those that may be encountered
under even the worst-case climate change scenarios. This is accomplished through the Corps normal
approach of comprehensive planning studies and resolution of complex institutional issues relying
on the P&G for water resources planning (see Paragraph D of this chapter). In addition, the 1987
report by the National Research Council NRC[14] presents a practical and rational review of data
on relative sea level changes and the resulting impact on engineering structures. The study results
have been incorporated in policy guidance published by the Corps for incorporation of the effects
of possible changes in relative sea level in Corps feasibility studies is contained in Engineer
Regulation 1105-2-100, 1990 [15]. A summary of the recommendations contained in this guidance
is presented below.

a. Potential relative sea level change should be considered in every coastal and estuarine
feasibility study that the Corps undertakes. The degree of consideration that the possible change
receives will depend upon the historical record for the study site. Areas which are already
experiencing relative sea level rise. or where increases are predicted, should undertake an analysis
as part of the study. Plans should be formulated using accepted design criteria.

b. A sensitivity analysis should be conducted to determine what effect (if any) changes in
the sea level would have on plan evaluation and selection. This analysis should be based on two
scenarios as a minimum. The first scenario is the extrapolation of the local, historical record of
relative sea level rise (low level). The second scenario is Curve 11 from the NRC[14] report (high
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level). Curve Il was used as a "high" estimate since it represents a substantial eustatic sea level rise
within the range of upper limits established in other studies.

c. Ifthe plan selection is sensitive to sea level rise, then design considerations could allow
for future modification when the impacts of future sea level rise can be confirmed. It may be
appropriate to consider plans that are designed for today's conditions but that incorporate features
to facilitate future changes, or plans designed for future conditions. In these cases, an evaluation
of the timing (or inclusion at all) and the cost of potential changes should be conducted during the
plan selection process.

3. Practical Experience.

a. The technical analytical procedures for factoring in the physical characteristics and
consequences of climate change can be and have been progressively incorporated into planning
evaluation and design, largely in the form of a longer statistical record and risk analysis techniques
which allow for detailed risk-cost analyses of alternative scenarios. These are being incorporated
continuously through the Corps’ multifaceted research programs in hydrology/hydraulics, coastal
engineering, reservoir operations, and water resources risk analysis. What is inflexible are the
economic decision rules which are the primary determinants of the size and scope of a project.
Although the Corps generally plans for a 50-year project life, the effective economic return on a
water resources project is highly influenced by the discount rate. The Federal water resource
discount rate for project economic analysis is fixed by law. When the rate is approximately eight
percent, most project benefits are realized within 10 years and the Corps’ effective project
evaluation and decision horizon is less than 15 years. Thus, the discount rate has a far greater
bearing on the choice and scale of an alternative water resources development project than does the
supply and demand forecasts arising from potential climate change impacts of uncertain magnitude
some 35 to 100 years or more in the future.

b. It is also important to realize that all estimates of sea-level rise predict the rise will be
exponential with much of the rise occurring in the second half of the period between now and the
year 2100. So for example, if the National Research Council (1990) best estimate of eustatic sea
level rise of 20 inches by the year 2100 is used, the National Research Council (1987) predicts that
less than two inches (i.e., about one tenth) of the rise will occur in the next 25 years and five inches
(about one quarter) in the next 50 years. These rises are not significantly above the current trend
[16].

¢. The National Research Council (1987) notes, that for coastal structures and facilities,
“Sea-level change during the design service life should be considered along with other factors, but
it does not present such essentially new problems as to require new techniques of analysis. The
effects of sea- level rise can be accommodated during maintenance periods or upon redesign and
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replacement of most existing structures and facilities.” They recommend that feasibility studies
consider which designs are most appropriate for a range of possible future sea-level rise. Further,
they recommend that strategies appropriate for the entire range of uncertainty receive preference
over those that would be optimal for a particular rise, but unsuccessful for other possible outcomes
[16].

d. Renourishment intervals for beach fill projects typically are short compared to the time
of significant sea-level rise even for the upper range of rise predictions. The Corps often considers
beach nourishment feasibility for a 50-year interval of renourishments. However, feasibility is
reevaluated prior to each renourishment, so cost increases due to sea-level rise or other factors can
be considered and used to evaluate the economics of future renourishment. Therefore, uncertainty
in future sea-level rise can be accommodated by reevaluating project feasibility as the future unfolds

[16].

4. Measures to Counteract Sea Level Rise. It is more likely that effects of sea-level rise in the
coastal zone will be met with measures such as set back requirements, vertical safety requirements
and in some cases, relocation. Shore protection measures against sea level rise will be limited to
high value urban development. The final choice will be based on a combination of economic,
environmental and social concerns. A detailed analysis of climate change can be found in the
October 1993 report Preparing for an Uncertain Climate, prepared by the United States Congress,
Office of Technology Assessment[3].

SUMMARY

=t

I. Overview. Eleven percent of the Nation's area (excluding Alaska), accommodates almost half
of the Nation's population. This densely settled area is along the Nation's coastal and Great Lakes
shorelines. With population growth has come development and a corresponding increase in
vulnerability to coastal hazards, storms and hurricanes. Major Federal programs to deal with this
risk date back to 1930, when Congress authorized the Corps to research and investigate problems
concerning the effects of erosion and storms on developed coastal areas. Additional Federal
programs to deal with this risk in the coastal zone were put in place in 1968 (the National Flood
Insurance Program, administered by the Federal Emergency Management Agency), in 1672 (the
Coastal Zone Management Act, administered by the National Oceanic and Atmospheric
Administration), in 1982 (the Coastal Barrier Resources Act, administered by the Fish and Wild Life
Service), and in 1990 (the National Coastal Geology Program, administered by the U.S. Geologic
Survey). The mission of the Corps and role in the coastal zone is very different from that of the other
Federal agencies. The Corps is the only agency at the Federal level with authority to construct shore
protection measures.
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2. Planning Guidance. The basic planning principles of the Corps are to contribute to national
economic development consistent with protection of the nation’s environmental resources. The
planning process used by the Corps is systemic, and consists of six major steps: (1) identifying
problems and opportunities, and developing objectives; (2) establishing the base condition; (3)
formulating plans; (4) evaluating their effects; (5) comparing them; and, (6) recommending the best
plan to alleviate problems and realize opportunities. This systematic approach is dynamic and
reiterative and enables the public and decision makers to be involved and fully aware of the rationale
employed throughout the planning process. As additional projects or periodic nourishments are
accomplished, the design of the project is updated to current technical and planning guidance.

3. Level of Protection. The term "level of protection"” is generally accepted by the public because
of the longstanding usage by the Corps and other water resource agencies for flood damage
reduction projects and because it is a simple way of describing a flood event. However, the use of
a specific level of protection for shore protection is extremely difficult to estimate since recurrence
intervals are assigned to each measurable characteristic of a storm. The current practice of the Corps
is to utilize a set of design storm events to evaluate the cost effectiveness of design alternatives.
These defined events are chosen to reflect realistic combinations of the various parameters which
are descriptive of historic storm events which have impacted the location of interest. For tropical
events; the storm should define the range of durations, maximum winds, radius of maximum winds,
pressure deficits, track, etc., which have impacted that area. For extratropical events (northeasters),
duration, shape, and maximum wind speeds are appropriate descriptors. Frequency relationships
are then assigned to the set of storms and/or their damages.

4. Engineering Considerations. The primary purpose of the shore protection program is to
reduce the impacts of waves, inundation, beach erosion and hurricanes on developed shorelines.

In most cases, construction of a dune and/or beach, together with periodic nourishment, is the
primary engineering solution to provide hurricane and storm damage reduction benefits. Artificial
dune and/or beach protection measures are simply replications of the comparable natural features
and rely on the high wave-energy dissipation characteristics of such features as the means of
protecting coastal developments. In addition, restored beaches and dunes have the added advantage
of possessing essentially the same aesthetic and environmental qualities as their natural counterparts.
The impacts of potential sea level rise on shore protection projects, at this time, is minimal.
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CHAPTER 4 - ANALYSIS OF SHORE PROTECTION COSTS

A. INTRODUCTION

1. Overview. This chapter presents a compilation and evaluation of the cost and quantities of sand
used in Federally authorized and constructed projects. Project data was gathered from the districts
through a questionnaire and was the basis for developing a national perspective of the overall shore
protection program. The data represents the Federal shore protection program as of 1 July 1993.
As previously noted, there are 82 specifically authorized and constructed Federal projects and/or
project segments that combine to span a distance of approximately 226 miles. While the 82 projects
average 2.75 miles in length, 26 of these projects are very small in scope and only average 0.6 miles
in length. These 26 projects account for only 16 of the 226 protected miles and cost a total of $4.56
million at the time of construction (an average of $175,400 per project). This total cost is small
when compared to the average cost of $12 million for each of the remaining 56 projects. Also, these
26 projects were built in the 1950s and 60s and had limited historical data. Finally, the small size
of these projects made it difficult to make meaningful comparisons with the other 56 projects.
Therefore, the small projects were not included in the following detailed analysis. Locations of the
remaining 56 large Congressionally authorized Federal shore protection projects are shown on
Figure 4-1. Most coastal projects of the Corps are concentrated along the Atlantic Coast (36},
followed by nine on the Gulf Coast, six on the Great Lakes and five in California.

2. Focus of the Chapter. This chapter focuses on the discussion associated with the answers to the
following questions:

° How much money has been spent to date on Federal shore protection projects?

° How much sand has been placed to date on Federally supported shore protection projects?

o How do actual expenditures compare with original estimates for individual projects?

o How do actual quantities of sand used compare with original estimates for individual
projects?

° What future financial commitments are associated with the beach nourishment projects

already constructed, and those in the planning stages?
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Figure 4-1 (A) Location of the Large Congressionally Authorized Projects East of the
Mississippi
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. Hamlin Beach State Park, NY
. Point Place, OH

. Reno Beach, OH

. Maumee Bay, OH

Prospect Beach, CT
Seaside Park, CT
Sherwood Island State Park, CT
Quincy Shore Beach, MA
Revere Beach, MA
Winthrop Beach, MA
Hampton Beach, NH
Wallis Sands State Beach, NH
. Cliff walk, Ri
. Rockaway, NY
. Long Island, Fire island to Jones
Inlet, NY
. Long Isiand, Moriches to Shinnecock
Reach, NY
. Long Island, Southhampton, NY
. Madison and Matawan Townships, NJ
. Keansbury and E. Keansburg, NJ
. DE Coast Sand Bypass - Indian River
. Cape May Inlet to Lower Township,
NJ

18. Great Egg Harbor Inlet and Peck
Beach, N

19. Ocean Cny, MD

20. Virginia Beach, VA

21. Wrightsville Beach, NC

22. Carolina Beach and Vicinity, NC

23. Fort Macon, NC

24. Folly Beach SC

25. Tybee Island, GA

26. Pinellas Co., Sand Key Segment, FL

27. Broward Co Segment 2, FL

28. Broward Co., Segment 3, FL

29. Brevard Co, Indialantic/Melbourne, FL

30. Brevard Co., Cape Canaveral, FL

31. Fort Pierce Beach, FL

32. Duval Co., FL

33. Pinellas Co., Long Key Segment, FL

34. Pinellas Co., Treasure isiand

Segment, FL

35. Virginia Key and Key Biscayne, FL

36. Dade Co., FL

37. Lee Co., Captiva Island Segment, FL

38. Palm Beach Co, Boca Raton

Segment, FL

39. Palm Beach Co,, Delray Beach, FL

40. Palm Beach Co., Lake Worth Inlet, FL
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Figure 4-1 (B) Location of Large Congressionally Authorized Projects West of
the Mississippi
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B, COSTS OF THE FEDERAL SHORE PROTECTION PROGRAM

1. Program Overview. Actual expenditures on the 56 large authorized and constructed shore
protection projects are summarized in Table 4-1. These figures are cumulative for the period 1950
10 1993 and are posted in actual dollars. Total expenditures were calculated at $670.2 million, with
5403.2 million or 60 percent contributed by the Federal government. The major proportion (80.4
percent) of these expenditures was for beach restoration and periodic nourishment measures, with
initial beach restoration accounting for 45 percent of the total costs, and periodic nourishment
accounting for 35 percent of the total expenditures. Structural measures accounted for 17 percent
of twe costs, while only 2 percent of the costs were for emergency measures (percentages may not
add due to rounding).

Table 4-1 Total Aciual Expenditures, Shore Protection Program 1950-1993

Type of Measure Federal Costs Total Costs
($ million) ($ million)
Initial Restoration | 180.7 303.3
Periodic Nourishment 147.2 235.4
: Structures 59.4 115.6
Fmergency Measures 159 15.9
Total 403.2 670.2

2. ndividual Projects. Actual expenditures are displayed by individual project and project elements
n Table 4-2. The largest expenditure for a project occurred in Dade County, Florida (Miami
ich). This project's initial construction cost was $72.2 million, and subsequent nourishments have
totaled §10.7 million. Total expenditures for the project are $82.9 million. Other expensive
;10 jects include: Presque Isle, Pennsylvania - $50.1 million; the Atlantic Coast of New York City

at Rockaway - $47.1 million; and, Channel Islands Harbor, California - $40.3 million. These four
nrojects account for $220.4 million, or 32% of the $670.2 million total.
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